(M) IKXEJRNATIONAL APPLICAHON PUBUSHED UNDER THE PATENT COOPERATION TREATY (iPCT) 



^''^"^''''riroSS**^"^"" liiiiiiiiniiiiiiiiiiiiiiiii iin 

(43) iDtei-national Publication Date (10) iDternationai Publication Number 

20 FebruaiT 2003 (20.02.2003) PCT WO 03/014303 A2 



(51) International Patent Classiflcatiou': CON 

ill) International Application Namben PCTAJS02/24655 

<22) International Fifiug Date: 2 August 2002 (02.08.2002) 

(Z5) Filiug Language; English 

(26) Piil>BcatianLflnguage: Ei^ish 

(30) Priority Data; 

60/309,841 3 AugustaOOl (O3.OB.20O1) US 

(50/360.061 25 Fbbrnary 2002 (25.0(2.200(2) US 

(71) Applicnnt (for all designated States except US}: ARDOS 
VITA CORPORATION [USrtJS]; 772 Lucerne Drive, 
Sunnyvaie, CA 94085 CIIS). 

- (72) Inventorit; and 

s (7^ luveatws/Applicaiils {/or VS only); LU, Peter, S. 
I [US/US]; 99 East MiddlefieJd Road, No. 29, MoniUain 
= View. CA 94043 (US). BAEINOWITZ, Josliua, D. 
= [US/USJ; 750M.SIioiBiineBlvd., No, 50. MoomainView, 



CA 94043 (US). SCHWEIZER, Jobaiines [DMJS]; 284 
Tyiella Avenoe, No. 17, Mountdn View, CA 94043 (US). 
CARRICIC, Deaana, Mark [US/US]; 3584 Lancelot 
CouH, Hemonl. CA 9453fi (USX 

(74) Agents; AU$£NHUS> ScPtt, L. et al.; Towiisend and 
Townsend and Oew liP, Two BmborcadBro Center, 
HghthFloor. San Francisco, CA 94tU-3S34(US). 

(81) Des^ted Sfaitis (national: AE, AO, AL, AM, AT (uUI- 
ity model), AX, AU, ML, BA, BB, BG, BR, BY, BZ, CA, 
CH, CN, CO, CR, CU, CZ (utility model), CZ, DE (util- 
ity modelX DE, DK (udlity model). DK, DM. ES. EC. EB 
{utJUty model), EE, BS, H (utiUty model), H, QB, OD, OE, 
cm, GM. HR, HU, ID, IL, TN, IS, JP, KB, KG, KP, KR..KZ. 
LC. LK. LR. LS, LT, LU, LV, MA, MD, MG, MK, MN, 
MW, MX, M2, NO, NZ, OM, PH. PU Pr, RO, RU, SD, 
SB, SO, SI, SK (□tility model), SK. SL, TJ, TM, TN, TR, 
TT, TZ, UA, UG, US, UZ, VN, YT), ZA, ZM, ZW. 

{84) Desigititted States (regional): AEIPO patent <GH, GM= 
KE, LS, MW, MZ; SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG. KZ. MD, RU , TJ, TM). 

[CotUinued on nest page] 



(S4)Titlej MOLljCIXI.AR INTERACTIONS IN CELLS 



A) 



Tlf ratiMi or einding to np-l : 
Select Cancetitrati<His of tiie Labeled 
-^ Wcmifnal 20 amlnoaelds of Tax and Cp95 




. Q (57) Ahstmct: TIiq invention ptovii 
^ panicularly interactions belween a PDZ protein and a PL protein. Reagents and melhods Uiat are provided are useful for uealmenl 
^ ofa' 



a varieiy of diseases and conditions in a variety of «31 types. 



wo 03/014303 A2 



European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, For two-hoercexks and other abbiwiationit. refer to the "Gui4- 

ES, H. FR, GB, GR, IE. n. US, MC Ml, PT, SE. SK. ance Notes on Cocks and Abbrenations" clearing at Aebegin- 

TR), OAPI patent (BF, BJ, CF, CG, O, CM, GA, ON, GQ, ning efeach regular issue of the PCT Oazelte. 
GW, MT,, MR, NE, SN, TD, TGy. 

Pablish«(i: 

— wilhout iniemalioml search report and to be ryn^ahed 
tpon receipt of that r^>ort 



wo 03^014303 



PClVUS02fl4655 



MOLECtXLAR INTERACTIONS IN CELLS 



CROSS-REFERENCES TO RELATED APPLICATIONS 
The present application claims the benefit of U.S. Piovisioiial Application 
5 No. 60/309,841, filed August 3, 2001 and U.S. Provisional Application No. 60/360,061, 
filed February 2 5, 2002, each of which is incorporated herein by lefereiice in its entirety for 
all pirrposes, 

FIELD OF THE INVENTrON 
Peptides and peptide analogues, and methods for using such compositions, to 
10 regulate various biological functions of cells are provided. For example, certain peptides and 
pqjtide analogues which are provided are utilized in methods for modulating a biological 
function in certain ceUs by antagonizing or promoting binding between a protein having a PDZ 
domain and a protein that bmds a PDZ domain. Also provided are methods for identifying 
compounds that modulate the interactions between specific PDZ domainis and their Kgands. 

15 BACKGROUND 

PDZ domains of proteins are named after three prototypical proteins: post- 
sjmaptic densi Ly protein 95 (PSD95), Drosophila large disc protein (Dlgl) and Zonula Occlndin 
1 protein (ZO-1 ; Gumperts et al., 1996, Cdl 84:659-662). PDZ domains contain the signature 
sequence GLGF. The first PDZ proteins were identified as functioning to concentrate 

20 receptoiB at neuronal synapses or tight junctions. la the nervous system, typical PDZ domain- 
containing proteins contain three PDZ domains, one SH3 domain and one guanylate kinase 
domain. Examples of infcracellalar PDZ domain-containing protedns include L]N~2, LIN-7 and 
LIN-10 at the prc-synapse, and PSD95 at the post-synapse. PDZ donaains have been sliown 
to bind tlie carboxyl termiui of transmembrane proteins in neuronal ceM Songyang et al. 

25 reported that proteins capable of binding PDZ domains contain a carboxyl teiminai motif 
sequence of E-S/T-X-V/I (Songyang et aL, 1997, Science 275:73). X-ray crystallography 
studies have revealed the contaflt points between the motif sequence and PDZ donoajns (Doyle 
et al.. 1996, Cell 88:1067-1076). 

The role of PDZ domain:PDZ ligand (PL) interactions in human disease has 

30 only recently begun to be studied. Deletions that remove the PL ofthe human Cystic Fibrosis 
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Transmenibrane Conductance regulator (CFTR) have been conrelated wifh au increase in Cystic 
Fibrosis and underscore the importance of proper PDZ:PL fiinctioii (Besnharouga et al 2001, 
: J. Cell. Biol. 153 :957-70), Mouse gene disruptions in flue PDZ domain-ccmtaimng protein. 
Shrooia result in neural tube delects, a precursor to such disorders as exencephaly, acrania, 
5 fkpial clefhng and spina bifida (Hildebraiid and Soriano, 1999, Cell 99:485-497). Si a similar 
manner, loaockout niica at the Cypher gene locus (another PDZ domain-contajning protein) 
result in a severe form of congenital myopathy and post-natally (Zhou et al 2001, J. Cell Biol. 
155:605-12). 

Given the paucity of information regarding the role that PDZ proteins play in 
10 biological functions and their role in disease, further information on interactions involving 
proteins with PDZ doniains would be useful in understanding a number of different biological 
fimctions in cells and for the treattneait of human disorders. 



SUMMARY 

15 Methods aaid compositiaais for modulating biological function in a variety of 

cell types (e.g., hematopoietic, neuronal, brain, stem, epidermal and epithelial) are provided 
herein. These methods and compositions can be utilized to treat various maladies including, 
but not limited to, diseases such as immune disorders, nervous system disorders and muscle 
disorders, for example. More specifically, these methods and compositions arc for 

20 modulating binding between certain PDZ proteins and PL protein binding pairs as shown in 
TABLE 7. Other methods and compositions are for modulating binding between PDZ 
protein and PL prptein binding pairs as listed in TABLE 12. 

Certain methods involve introducing into the cell an agent fliat alters binding 
between a PDZ protein and a PL protein in the cell, whereby tire biological fimction is 

25 modulated in tlie cell, and wherein the PDZ protein and PL protein are a binding pair as 
specified in TABLE 7 or TABLE 12. In some of these methods, the agesit is a polypeptide 
coDiiprising at least the two, fhree or four catboxy-terminal residues of flie PL protein. 

The PDZ proteins and PL proteins that have been identified as interacting 
can be classified into a number ofdiffere3.it groups, and provide aa indication of the diverse 

30 fimctions that can be modulated using the mefliods and compounds that are provided herein. 
For example, the PDZ proteins can be: 1) an enzyme such as a protein kinase, a guanalyte 
kinase, a tyix)suie phosphatase or a serine phosphatase, 2) a LIM protein, 3) a guanine 
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exchange factor, or 4) a viral oncogene interacting protein. Likewise, PL proteins can be 1} 
a T-cell surface receptor or a B-cell surface receptor, 2) a natural IciUer surface receptor, a 
monocyte cell surface receptor, or a granulocyte, cell surface receptor, 3) an endothelial cell 
surface receptor, 4) a G-protein linked receptor or a regulator of G-protein signaliag, 5) an 
5 adhesion protein or a tight jimction integral membrane protein, 6) a viral oncogene, 7) 
neuron membrane transport protein; 8) a receptor kinase, 9) an ion channel or transporter 
protein, or 10) a tumor suppressor protein. 

Modulation can be conducted in vitro or in vivo . If done in vitro, the cell . 
into which the agent is introduced can be a cell within a cell culture. 

1 0 Screening methods to identify compounds that modidate binding betw.'een 

PDZ proteins and PL peptides or proteins are also provided. Some screening metliods 
involve contacting under suitable binding conditions (i) a PDZ-domain polypeptide having 
a sequence from a PDZ protein, and (ii) a PL peptide, wherein the PL peptide comprises a 
C-temiinal sequence of ■flifi PL protein, the PDZ -domain polypeptide and the PL peptide 

15 are a binding pair as specified in TABLES 7 or 1 2; and contacting is performed in the 
presence of the test componad. Presence or absence of complex is theai detected. The 
presence of tlie complex at a level tiiat is statistically significantly higher in the presence of 
the test compound than in the absence of test compound is an indication that the test 
compound is an agonist, whereas, the presence of liie conq)lex at a level that is statistically 

20 significantly lower in the presence of the test compound than in the absence of test 
compound is an indication that the test compound is an antagonist. 

Modulatoi-3 of binding between a PDZ protein and a PL protein are also 
described herein. In certain instances, Che modulator is (a) a peptide comprising at least 3 ■ 
residues of a G-tenninal sequence of a PL protein, and wherein the PDZ protein and the PL 

25 protein are a binding pair as spwified in TABLES 7 or 12; or (b) a peptide mimetic of the 
• peptide of section (a); or (c) a small molecule having similar flmctional activity with respect 
to tlie PDZ and PL pioteitt binding pair as the peptide of section (a). The modulator can be 
either an agonist or antagonist. Such modulators can be fbimulated as a plMimaceutioal 
composition. 

30 Methods oftreating a disease correlated wiQi binding between a PDZ protein 

and a PL protein are also disclosed herein, the method comprising administering a 
therapeuticaliy effective amount of a modulator as provided herein, wherein the PDZ 
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protein and the PL protein are a binding pair as specified in TABLES 7 or 12, As indicated 
supra, such methods can be used to treat a variety of diseases including, but not limited to, 
neurological disease^ an immune response disease, a miiscsukr disease^ The 
methods can be used to treat humans and non-human animals, including for example, cattle, 
5 swine, sheep, dogs, cats, horses and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGURES 1 A sad IB shows the results of introduction of a Ta£-CD3 fusion 
peptide on T cell activation. Anligen-spedfic T cell activation was measured by cytokine 

10 production. Fusion peptides containing tat and a T ceU sxirface molecule carboxyl terminus 
inhibited y-interferon (IFJ^) production by a T cell line in response to myelin basic protein 
(MBP) stimulation. The level of inhibition Wis detemiined by first subtracting the binding of 
the labeled peptide to GST alone fiom the binding to the filsion protein and dividing by the 
signal in the absmce of competitor peptide. 

1 5 FIGURES 2A, 2B and 2C show binding and competition assays with the PDZ 

ligaods of CD95 (Fas) and Tax for the PDZ domain of TIP-1. BIGUEE 2A shows a titration 
of Tax and CD95 PDZ ligands against a constant amount of TIP-1 protein. FIGURE 2B 
shows the ability of an unlabeled S amino acid peptide corresponding to the C-temiinus of Tax 
to inhibit the binding of 20uM CD95 to TCP-l. FIGURE 2C shows the abihly of an unlabeled 

20 8 amino acid peptide corresponding to the C-teaminus of CD95 to inhibit the binding of 1 uM 
Tax to TIP-1. 



DESCRIPTION 

I. Dcfuiitions 

25 A "fiosion protein" or "fiision polypeptide" as used herein refei-s to a composite 

protein, i.e., a single contiguous aanino acid sequence, made up of two (or more) distinct, 
heterologous polypeptides that are not nomiaJly fiised together in a single amino acid sequence. 
Thus, a fusion protein can include a single amino acid sequence that contains two entirely 
distinct amino acid sequerwos or two similar or identical polypeptide sequences, provided that 

30 these sequences are not normally found together in the same configuration in a single amino 
acid sequence found in nature. Fusion proteins can generally be prepared nsmg either 

4 
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recombinant nucleic acid mefliodSj i.e., as a result of toanscription and translation of a 
recombinant gene fusion product, wMch fiision comprises a segment esncoding a polypeptide 
of the invention and. a segment encoding a heterologous protein, or by chemical synthesis 
methods wdl Imown in the art 

5 

A "fusion protein construct" as used herein is a polynucleotide encoding a 

fusion protein. 

As used herein, the term 'TDZ domain" refers to protein sequence (ie., 
10 modular protein domain) of ^proximately 90 amino acids, characterized by homology to the 
brain synaptic protein PSD-95, the Drosophila septate junclion protein Discs-Large (DLG), and 
the epithelial tight junction protein ZOl (ZOl). PDZ domains are also loiown as Diacs-Liii-ge 
homology repeats CDHRs") and GLGF repeats. PDZ domains generally appear to maintain 
a core conseaisus sequence (Doyle, D. A., 1996, Cell 85: 1067-76), 
15 PDZ domains are found in div^se menibranie-associated proteins including 

raembeiTS of the MAGUK family of guanylate kinase homologs, several protein phosphatases 
and Idnases, neuronal nitric oxide synthase, and several dystrophin-associated proteins, 
coIlectiYely known as syntrophuis. 

Exemplary PDZ domain-containing protdns and PDZ domain sequences are 
20 shown in TABLE 9. The teim "PDZ domain" also encompasses vedants (e.g.. naturally 
occurring variants) of the sequences of TABLE 9 (e.g., polymorphic variants, variants with 
conservative substitutions, and the like). Typically, PDZ domains are substantially identical 
to fliose shown in TABL£ 9. e.g., at least abont 70%, at least about 80%, or at least about 90% 
amino acid residue identify when con^ared and aligned for maximum correspondence. 

25 

As used herein, the term 'TDZ proteiti" refers to a naturally occuning protem 
containing a PDZ domain. Exemplary PDZ proteins include CASK, MPPi, DLGl, PSD95, 
NeDLG, TIP-33. SYNla. TIP-43, LDP, LM, LIMKl, LIMK2, MPP2, NGSl, AF6, PTN-4, 
prIL16. 41.81CD, KIAA0559, RGS12, KIAA0316, DYLl, TIP-40, TIAMI, MINTI, 
30 KIAA0303, CBP, MINTS, TIP-2, KIAA0561, and those listed in TABLE 9. 



5 
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As used herein, the term "PDZ-domain polypeptide" refers to a polypeptide 
containing a PDZ doiima, such as a fusion protein including a PDZ domain sequence, a 
naturally occarring PDZ iwotein, or an isolated PDZ domain peptide. 

5 As used herein, the term "PL protein" or "PDZ Ligand protein" refers to a 

naturally occurring protein that forms a molecular complex with a PDZ-domain, or to a protein 
whose carboxy-terminus, when expressed separately from the full- lengfli protein (e.g., as a 
peptide fragment of 4-25 residues, e.g., 8, 10, 12, 14 or 16 residues), forms such a molecular 
complex. The molecular complex can be observed in vitro using the "A assay" or "G assay" 
1 0 described infia, or in vivo. Exemplary PL proteins listed in TABLE 8 are demonstrated to bind 
specific PDZ proteins. This definition is not intended to include anti-PDZ antibodies and the 
like. 

As used herein, a "PL sequence" refers to the amino acid sequeaice of the C- 
15 tenninus of a PL protein (e.g., the C-tenninal 2, 3, 4, 5, 6, 7. 8, 9, 10, 12, 14, 16, 20 or 25 

-residues) ("C-termuial PL sequence") or to an internal sequence known to bind a PDZ domain 
C'iii"temal PL sequence"). 

As used herein, a "PL peptide" is a peptide of having a sequence Som, or based 
20 on, the sequence offheC-terrainua of aPLprotem. Exemplary PL peptides (biotinylated) are 
listed in TABLE 8. 

Ae used hereb, a "PL fusion pdrotein" is a fusion protein that has a PL sequence 
as one domain, typically as the C-terminal domain of the fijsion protein. An exemplary PL 
25 fusion proteiti is a tat-PL sequence fusion. 

As used herein, the terai "PL inhibitor peptide sequence" refers to a PL peptide 
amino add sequence that (in the form of apeptide or PL frision protein) inhibits the interaction 
between a PDZ domain polypeptide and a PL peptide (e,g., m an A assay or a G assay). 

30 



6 
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As used herem, a 'TDZ-domain encoding sequence" means a segment of a 
polynxicleotide encoding aPDZ domain. In various embodiments, the polynucleotide is DNA, 
RNA, single stranded or double stranded. 

5 As used herein, the tarns "antagonist" and "inliibitor," when used in the context 

of modulating a binding interaction (such as the binding of a PDZ domain sequence to a PL 
sequence), are used interchangeably and refer to an agent that reduces the binding of the, e.g., 
PL sequence (e.g., PLpqptide) and fhej e.g., PDZ domain sequence (e.g., PDZ protein, PDZ 
domain peptide). 
10 . ' 

As used herein, the terms "agonist" and "enhanoer," when used in the context 
of modulating a binding interaction (such as the binding of a PDZ domain sequence to a PL 
sequence), are used interchangeably and refer to an agent that increases the binding of the, e.g., 
■ PL sequence (e.g., PL peptide) and the, e.g., PDZ domain sequence {e.g.. PDZ protein, PDZ 
. 1 5 domain peptide). 

As used herein, the terms "peptide mimetic, " "peptidomimetic," and "peptide 
analog" are used interchangeably and refer to a synthetic chemical compound that has 
substantially the same structural and/or functional characteristics of a PL inhibitory or PL 

20 binding peptide of the inventian. The mimetic can be either entirely composed of synthetic, 
non-natural analogues of arainD acids, or, is a chimeric molecule of partly nahiral peptide 
amino adds and partly non-natural analogs of amino acids. . The mimetic can also incorporate 
any amount of natural amino acid conservative substitutions as long as such aibstitations also 
do not substantiaUy alter fiie mimetic's stracture and/or inJubitory oi binding aotivi^. As with 

25 polypeptides of the invention wMch are conservative variants, routinfi experimentation will 
dBtemiine whether a mimetic is within the scope of the invention, i.e., that its stnicture and/or 
function is not substantially altered. Thus, a mimetic composition is within the scope of the 
invention if it is capable of bindmg to a PDZ domain aod/or inhibiting aPL-PD2 interaction. 

Polypeptide mimetic compositions can contain any combination of noimatural 

30 structural components, vitdds. are typically from three shuctural groups: a) residue linlcage 
groups other than the natural amide bond ("peptide bond") linkages; b) non-natural residues 
in place of naturally occurring amino acid residues; or c) residues which induce secondary 
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structural mimicry, i.e., to induce or stabilize a secondary stracture, e.g., a beta tum, gamma 
turn, beta sheet, alpha helix oonfonnation, and the like. 

A polypeptide caa be characterized as a numetic when all or some of its 
residues are joined by chemical' means other fhan natural peptide bonds. Individual 
5 peptidouimietic residues caa be joined by peptide bonds, oliiear chemical bonds or coupling 
means, such as, e,g,, glutai-aldehyde, N-hydrDxysuccrniinide esters, biflinctional maleimides, 
N,N=-dicyclohexylcarbodiimide(DCC) orN,N=-diisopropylcarbodiiniide(DrC). Linking 
groups that can be an alternative to the traditional amide bond ("peptide bond") linlcages 
include, e.g., IcsBtomethylene (e.g., -C{-=0)-CHi- for -C(0)-NH-), aminomefhylene (Clii-NH), 
10 ethylene, olefin (CH=CH), ^er {CH^-OX tlijoether (CHi-S), tetrazole (CN4-), thiazole, 
letroamide, thioaniide, or ester (see, e.g., Spatola (1983) in Chemistry and Biochemistry of 
Amino Acids, Peptides and Piotdns, Vol. 7, pp 267-357, A Peptide Badsfaone ModificatioiK, 
MarcellDeldcer.NY). 

A polypeptide can also be characterized as a mimetic by containing all or some 
1 5 noit-natuial r endues in place of naturally occurring amino add residues. Nonnatural residues 
• are well described in the scientific and patent literature; a few exemplary, nonnatural 
compositioiis usefixl as mimetics of natural amino acid residues and guidelines are described 
below. 

MimeUcs of aromatic amino acids can be derated by replacing by, e.g., D- or 
20 naphylalanine; D- or L- phenylglydne; D- or V-2 thieneylalanine; D- or L-1, -2, 3-, or 4- 
pjreneylaianine; D- or L-3 thieoeylalanine; D- or L-(2-pyridinyl)-alanine; D- or L"(3- 
pyridinyO-alauine; D- or L-(2-pyrazinyl)-alaniae; D- or L-(4-isopropyl)-plienylglycnie; 
(trifhjorometiiyl>-phen3dglycine; I>(trifluoromethyl)-phenyIalaTiine; D-p-fluoiopheaylalaninc; 
D- or L-p-biphenylpheEuylalanine; K- or L-p-methoxybiphenylphenylalanine; D- or L-2- 
25 iiidoIe(alkyl)alanines; and, D- or L-aHcylainines, where aHiyl can be sabstitutcd or unsubstitatsd 
methyl, ethyl, propyl, heatyl, butyl, peatyl, isopropyl, iso-butyl, sec-isotyl, iso-pentyl, or anon- 
acidic amino acids. Aromatic rings of a nonnatural amino add include, e.g., thiazolyl, 
fliiopfafiQyl, pyrazolyl, beozimidazolyl, nsphthyl, ftiranyl, pyttolyl, and pyiidyl arom^ic rings. 

Mimetics of addic amino adds can be generated by substitutian by, e.g., non- 
30 carboxylate amino adds wMle maintaining a negative charge; (phosphono)alamue; sulfated 
threonine. Carboxyl side groups (e.g., aspartyl or glutamyl) can also be selectively modified 
by reaction with carbodiimides (R=-N-C-N-R=) such as, e,g., l-cyclohexyl-3{2-morpholiayl- 
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(4-eth.yl) carbodiimide or l-ethyl-3(4-a2onia- 4,4- dimetholpentyl) carbodiimide. Aspartyl or 
glutamyl can also be coaverted to asparaginyl and glutaminy! residues by reaction with 
. aipaiaomum ions. 

Mimetics of basic amino acids can be generated by substitution with, e.g., (in 
5 addition to lysine and arginine) the amino acids ormftiine, dtruUine, or (gwanidbo)-acetic acid, 
or (guamdino)alkyl-ac6ttc acid, where alkyl is definsd above. Nifrile derivative (s,g., 
containing the CN-moiety in place of COOH) can be substituted for aspmugine or glutamine. 
Asparaginyl and glutamiityl residtues can be deaminated to Hbs corresponding aspartyl or 
glutamyl residues. 

10, Arginine residue mimetics can be generated "by i-eacting arginyl with, e.g., one 

or more conventional reagents, including, e.g., phenylglyoxal, 2,3-butanBdione, 1,2- 
cyclohexaaedione, or niiihydrin, preferably under alkaline conditions. 

Tyrosine residue mimetics can be generated by reacting tyrosyl with, e.g., 
aromatic diazonitim compounds or tetranitromethane. N-aceJylimidizol and tBtranitromethane 
15 can be used to fbim 0-acetyl tyrosyl qjecies and 3-nitro derivatives, respectively. 

Cysteine residue mimetics can be generated by reacting cysteinyl residues with, 
e.g., a^ha-haloacetates such as 2-chloroacetic add or chloroacetaraide and corresponding 
annncsjlo give carboxjmaeihyl or carboxyamidomcthyl derivatives. Cysteine residue minietics 
can also be generated by reacting cysteinyl residues with, e.g., bromo-trifluoroacetonie, alpha- 
20 bromo-beta-(5-imido2oyI) propionic acid; chloroacetyl phasphatei, N-aUcyhnaleimides, 3-nitio- 
2-pyridyl disulfide; methyl 2-pyridyl disulfide; p-chloromercuribenzoate; 2-chlorDmercuri-4 
nitrophenol; or, (djloiro-7-nitiobesizo-oxa-l,3-diasole. 

Lysine mimetics can be ggnerated (and amino tenninal residues can be altered 
by reacting lysinyl with, e.g., succinic or other carboxylic acid anhydrides. Lysine and other 
,25 alpha-amino-confaining residue mimetics can also be geaierated by reaction with imidoesters, 
such as methyl picoliuimidate, pyridoxal phosphate, pyridoxal, chloroborohydride, 
trirdtrobeazeaesulfonic acid, 0-methylisourea, 2,4, pentanedione, and transamidase-catalyzcd 
reactions with glyoxylate, 

Mimetics of methionine can be generated by reaction with, e.g., methionine 
30 sulfoxide, Mimetics of proline include, e.g., pipecoHc acid, ftdazolidine carboxylic acid, 3- or 
4- hydroxy proline, dehydioproline, 3- or 4-meaiylproline, or 3,3,-dimethylproline. Histidine 
rraidue mimetics can be gaaesratedby reacting Hstidyl witii, e.g., dietiiylpiocaibonate or para- 
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Tiroinophenacyl bromide. 

Other mimetics include, e.g., those generated by hydroxylatioii of proline atid 
lysine; phosphorylation of the hydroxyl groiips of seryl or thieonyl residues; methylation of the 
alpha-amrno groups of lysine, arginiae and histidine; acetylation of the N-teraiinal amine; 
5 mefliylation of maiti chain amide residues or substitution -wiQi N-methyl amino acids; or 
amidation of C-terminal carboxyl groups. 

A component of a natural polypeptide (e.g., a PL polypeptide or PDZ 
polypeptide) can also be replaced by an amino acid (or peptidonrimetic residue) of the opposite 
cMiality. Thus, any amino acid naturally occuiring in the L-config«ration (which can also be 

10 referred to as the R or S, depending upon the structure of the chcanical eatily) can be replaced 
with the amnio acid of the same chemical structiural type or a peptLdomiinetic, but of the 
opposite chirality, genei'aUy referred to as the D~ amino acid, but which can additionally be 
referred to as the R- or S- form. 

The mimetics of the invention can also include compositions that contain a 

15 istruGtural mimetic residue, particularly a residue that induces or mimics secondary structures, 
such as a beta turn, beta sheet, alpha helix structures, gamma turns, and the like. For example, 
substitution of natural amino acid residues with D-amino acids; N-alpha-methyl amino acids; 
C-alplia-methyl amino acids; or dehydroamino acids within a peptide can induce or stabilize 
beta tiuns, gamma turns, beta sheets or alplia helix con&rmaiions. Beta turn mimetic structures 

20 have been described, e.g., by Nagai (1985) Tet Lett. 26:647-650; Feigl (1986) J. Amer. Chem. 
Soc. 108:1SM82; Kahn (198S) J. Amer. Chem. Soc. 110:1638-1639; Kemp (1988) Tet. Lett. 
:M»:5057-5060; Kahn (1988) L Molec. Recognition 1 :75-79. Beta sheet mimetic stmctuies have ■ 
been described, e.g., by Smitti (1992) J. Amer. Chem. Soc. 114:10672-10674. For example, 
a type VI beta turn induced by a cis amde surrogate, 1 ,5-disubstitutcd tetraaol, is described by 

25 Beusea (1995) Biopolymas 36:181-200. Inoorporatian of achiral omega-amino add residues 
to generate polymethylene units as a substitution for amide bonds is described by Baneqee 
(1996) Biopolymers 39:769-777. Secondary struotui-es of polj^eptides can be analyzed by, 
e.g., high-field IHISIMR or 2D NMR spectroscopy, see, e.g., Higgins (1997) J. Pept. Res. 
■50:421-435. See also. Hruby (1997) Biopolymers 43:219-266, Balaji, et al, U.S. Pat. No. 

30 5,612,895. 

As used herein, "peptide variants" and "consanrative amino add substitutions" 
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refer to peptides that differ fom a reference peptide (e.g., a peptide having the sequence of the 
carboxy-temiinus of a specified PL protein) by substitation of an amino acid residue having 
similar properties (based on size, polarity, hydrophobicity, and the like). Thus, insofar as the 
coinpounds that are encompassed .within the scope of the invention are paitially dejSned in 
5 . teirais of amino acid residues of designated clafisos, the amino acids can be gsaierally 
categorized iato flaree main classes; hydrophilic amino acids, hydrophobic amino acids and 
cysteine-like amino acids, depending primarily on the charactsdstics of the amino acid side 
chain. These main classes may be further divided into subclasses. Hydrophilic amino acids 
include amino acids haviag acidic, basic or polar side chains and hydrophobic amino acids 

10 include amino adds having aromatic or apoiar side chains, Apolar amino acids may be fnrftier 
subdi'wdod to include^ among others, aliphatic amino acids. The definitions of the classes of 
amino acids as used herein are as follows: 

" Hydrophobic Amino Acid " refers to an amino acid having a side chain that is 
uncharged at physiologic^ pH and that is repelled by ^eons solution. Examples of 

15 genetically encoded hydrophobic amino adds include He, Leu and Val. Examples of non- 
genetically encoded hydrophobic amiao acids incl-ude t-BuA. 

"Aromatic Amino Add" refecs to a hydiophobic amino add havii^ a side chain 
containing at least one ring having a conjugated u-electron system (aromatic group). The 
aromatic group may be further substituted with groups such as alkyi, allcenyl, alkynyl, 

20 hydroxyl, sulfenyl, iiiUx} and amino ©roups, as well as others. Examples of genetically encoded 
aromatic amino acids include Phe, Tyr and Trp. Commonly encountered non-genetically 
encoded aromatic amino adds include phenylglycine, 2-naphthylalanine, p-2-thiaiylalanine, 
l,2,3,4-tetrahydroisoquinoline-3-carboxylic acid, 4-chloro-phenylalanine, 2-fluorophenyl- 
alanine, 3-fluoropheiiylalanine and 4-fIuorophenylalardne. 

25 " Apolar Amino Acid" refers to a hydrophobic amino add having a side chain 

that is generdtly uncharged at physiolDgical pH and that is not polar. Ejcamples of genetically 
encoded apolar amino adds include Gly, Pro and Met. Examples of non-encoded apolar amino 
adds include Cha. 

"Aliphatic Amino Add " refers to m apolar amino add having a saturated or 
30 unsahirated straight chain, branched or cyclic hydrocarbon side chain. Examples of gmetically 
aacoded aliphatic amino acids include Ala, Leu, Val and He. Examples of non-encoded 
aliphatic amino adds include Nle. 
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" Hydrophilic Amino Acid " refas to an amino add haying a aide chain that is 
attracted by aqueous solution. Exarapis of genetically encoded hydrophilic amino acids 
include Ser and Lys. Examples of non-encoded hydrophilic amino acids include Cit and hCya. 

"Afiirlir. A-mm p Acid " rafers to a hydrophilic amino acad having a side chaui pK 
5 value of less than 7. Acidic amino acids typically have negatively charged side chains at 
physiological pH due to loss of ahydrogen ion. Examples of genetically encoded acidic amino 
adds include Asp and Gin. 

" Basic Amino Acid " refers to a hydrophilic amino acid having a side chahi pK 
value of greater than 7. Basic amino acids typicahy have positively charged side chains at 
10 physiological pH due to association with hyttoonium ion. Examples of genetically encoded 
• basic amino acids include Arg, Lys and His. Examples of non-genetically encoded basic amino 
acids include the non-cycUc amino acids omiUiinCi 2,3-dianiinoprapioiiic acid, 2,4- 
dianunobutyiic add gfit^ homoargiiiine. 

"Polar Amino Add" refers to a hydrophilic amino add having a side chain that 
15 is uncharged at physiological pH, bat which has a bond in which the pair of electrons shared 
in common by two atoms is held more closely by one of the atoms. Examples of genetically 
encoded polar amino acids include Asx and Glx. Examples of non-genetically encoded polar 
amino acids include citmlline, N-acetyl lysine and methionine sulfoxide, 

" Cystdne-Lilce ATditin Acid" refers to an aminD acid having a side chain 
20 capalile of forming a covalent linkage with a side chain of another amino acid residue, such as 
a disulfide linkage. Typically, cysteine-Hks amino adds generally have a side chain contaimng 
at least one thiol (SH) group. Examples of genetically encoded cysteinfr-iilce amino adds 
indude Cys. Examples of non-genetically encoded cystdne-like amino adds include 
homocysteine and penicillamine. 
25 As will be predated by those having sidll in the art, the-above classification 

are not absolute - several amino adds exhibit more &an one characteristic propeity, and can 
therefore be included in more than one category. For example, tyrosine has both an aromatic 
ring and a polar hydroxyl groiq). Thus, tyrosine has dual properties and can be included in both 
the aromatic and polar categories. Similarly, in addition to being able to firnn disulfide 
3 0 KnkagBs, cysteine also Ms apolar character. Thus, ■«*iile not strictly classified as a hydrophobic 
or apolar amino add, ia many instances cysteine can be used to confer hydrophobicity to a 
peptide, 
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Certain commonly encountered amino adds vdiich ate not gaifiticaUy encoded 
of which the pq)tides and peptide analogues of the invention are comjHJsed include, but are not 
limited to, fJ-alanine (b-Ala) and other omega-amino acids such as 3-aminopropionic aoid 
(Dap), 2,3-dianiiaopropiomc acid (Dpr), 4-aimrtobiityric acid and so forth; a-atninoisobutyric 
5 aeid (Aib); s-andnohexanoic acid (Aha); 5-aminovaIeric acid (Ava); N-methylglycine or 
sarcosine (MeGly); omithiae (Om); citrulUne (Cit); t-butylalanine (t-BuA); t-hntylglycine 
(t-BiiG); N-methylisoleucine (Melle); phenylglycine (Phg); cyclohexyldanine (Cha); 
norleucine (Nle); 2-naphQiylalanhie (2-Nal); 4-chlorophenylalamne (Phe(4-CI)); 
2-fluorophenylalanins (Phe(2-F)); 3-fluorophenylalaiune (Phe(3-F)); 4-'fluorophenylalanine 

10 (Phe(4-F)); penicillamine (Pen); l,2,3,4-tetraiiydroisoqmnoIine-3-carboxyIic acid (Tic); |3-2- 
thienylalanine (Tbi); methionine sulfoxide (MSG); homoarginine {hArg); N-acetyl lysine 
(AcLys); 2,3-diarahiobutyric acid (Dab); 2,3-dianiinobutyiic acid pbu); p-aminopheiiylalanitie 
(PheCpNHj)); N-metbyl valine (MeVaJ); homocysteine (hCys) and homoserine (hSer). These 
amino acids also fall convenient^ into the categories defined above, 

1 5 The dassifications of the above-described genetically encoded and non-encoded 

amino acids are summarized in TABLE 1, below. It is to be understood that TABLE 1 is for 
illustrative purposes only and does not puiport to be an exhaustive hst of amino acid residues 
which can comprise tlie peptides and peptide analogues described herem. Othei- amino acid 
residues wluch ai-e usefiil for maiking the peptides and peptide analogues described herein can 

20 be found, e.g., ui Fasman, 1989, CRC Practicai Handbook: of Biochemistry and Molecular 
Biology, CRC Press, Inc., and the references cited thcrdn. Amino acids not specifically 
mentioned herein can be conveniently classified into the above-described categories on the 
basis of known behavior and/car their characteristic chemical and/or physical properties as 
compared with amino acids specifically identified. 

'25 TABLE 1 

Classification GeBetically Encoded Genetically Non-Encoded 

Hydrophobic 

Aromatic F, Y, W Phg, Nal, Thi. Tic, Phe(4-Cl), Phe(2-r0. 

Phe(3-F), Phe(4-F),. Pyridyl Ala, 

. Apolar M,G,P 

AKphatic A, V, L, I t-BuA. t-BuG, Mdle, Nle, MeVal, Cha, 

bAl9, MeGly, Aib 
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D.E 

H, K; R Dpr, Ora, hArg, Pheft)-NBy. DBU, A^BU 

Q.N,S,T,Y Cit, AcLys, MSO, hSer 

_C Pen, hCys, p-methyl Cys 

As used herein, a "detectable label" has the ordinary meaning in the art and 
refers to an atom (e,g,, radionuclide), molecule (e.g., fluorescein), or complex, that is or can be 
used to detect (e.g., due to a phj^ical or di^ical proper^), indicate the presence of a molecule 
or to enable binding of another molecule to which it is covalently bound or otherwise 
associated. The term "label" also rcfias to covalently bound or otherwise associated molecules 
. (e.g., a biomolecule such as an eaizytne) that act on a substrate to iMtoduce a detectable atom, 
molecule or complex. Detectable labels suitable for use in the present invention include any 
composition detectable by spectroscopic, photochemical, biochemical, inimunochenucal, 
electrical, optical or chemical means. labels useM in the present inveation include biotin for 
staiiung with labeled streptsvidin conjugate, magnetic beads (s.g., DynabeadsDVO, fluorescent 
dyes (B,g., fluorescein, Texas red, ihodamine, green fluorescent protem, enhanced green 
fluorescent protein, and the like), radiolabels (e.g., 'H, '"I, ^*S, "C, or ^^P), enzymes ( e.g., 
hydrolases, partiailarly phosphatases such as alkaline phosphatase, esterases and glycosidases, 
01- oxidorediictases, particularly peroxidases such as horse radish peroxidase, and others 
commonly used in ELISAs), substrates, cofectors, inhibitors, chemiluminescent groups, 
chromogenic agents, and colorfmetric labels such, as colloidal gold or colored glass or plastic 
(e.g., polystyrene, polypropylene, latex, etc.) beads, Patents teaching the use of such labels 
include U.S. Patent Kos. 3,817,837; 3,850,752; 3,939,350; 3,996,345; 4,277,437; 4,275,149; 
and 4,366,241. Means of detecting such labels are well known to those of skill in th.e art. 
Thus, for example, radiolabels and chenrihmuneacont labels can be detected using photographic 
fihn or scintillation counters, fluorescent ma±ers can be detected using a photodetector to 
detect ^tted light (e.g., as in fluorescence-activated cell sorting). Enzymatic labels are 
typically detected by providing Ihe en2yine with a substrate and detecting the reaction product 
produced by the action of the enzyme on the substrate, and colorimetric labels are detected by 
siraply visualizing the colored label. Thus, a label is any composition detectable by 



Basic 
Polar 

Cysteine-Like 
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spectroscopic, pbotochaniical, biocJieroical, immunochemical, dectncal, optical or chetnical 
means. The label can be coupled directly or indirectly to the desired component of the assay 
accoixiing to methods well knov/n in the art. NorL-radioactive labels are often attached by 
indirect means. Generally, a ligand molecule (e.g., biotin) is covalently boitnd to the molecule. 
5 The ligand then binds to an anti-ligand (e.g., streptavidin) molecaile which is eiflier iuherenliy 
detectable or covalently bound to a signal generating system, such as a detectable enzyme, a 
fluorescent compound, or a chemiluniiaescent compoimd. A number of ligands and anti- 
hgands can be used. Where a ligand has a natural anti-ligand, for example, biotin, thyroxiae, 
and Cortisol, it can be used in conjunction with the labeled, naturally occuiiii^ aali-Hgands. 

10 Alternatively, any hapteaic or antigenic compound can be used in combinatiDn with an 
antibody. The molecules can also be conjugated directly to signal generating compounds, e.g., 
by corg'ugation with an enzyme or fiuorophore. Means of detecting labels well known to 
those of skiU in the art. Thus, for example, whei-e the label is a radioactive label, means for 
detection include a sdntiliation counter, photographic fUtn as in autoradiogr^hy, or storage 

15 phosphor imaging. Where the label is a fiuoi-escent label, it can be detected by exciting the 
fhioiochrome with the appropriate wavelength of light and detecting the resulting fluorescence. 
The fluorescence can be detected visually, by means of photographic film, by the use of 
electronic detectors such as charge coupled devices (CCDs) or pliotomultipliers and the like. 
Similarly, enzymatic labels can be detected by praviding the appropriate siibstnxtes for the 

20 enzyme and detecting the resulting reaction product. Also, simple colorimetric labels can be 
detected by observing the color associated with the label. It will be ajjpreciated that when pairs 
of fluorophores are used in an assay, it is oft^ prefeored that they have distinct emission 
patterns (wavelengths) so that they can be easily distinguished. 

25 As used herein, the term "substantially identical" in the contact of comparing 

amino acid sequences, means that tiae sequences have at least about 70%, at least about 80%^ 
or at least ah out 90% amino acid residue identity when compared and aligned for maximum 
correqjondcnce. An algorithm fhat is suitable for determining percent sequence ideatity and 
■ sequence similaiity is the FASTA algoriOim, which is described in Pearson, W.R. & Lipman, 

30 D.J., 19S8, Proa Natl. Acad. ScL U.S.A. 85 : 2444. See also W. R. Pearson, 1996, Methods 
SmymoL 266: 227t258. Preferred parametei-s used in aFASTA alignment of DNA sequences 
to calculate pesrcent identity are optimi2Bd, BLSO Mattix 15 : -5, k-tuple = 2; joining penalty = 

15 
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40, optimization == 28; penalty -12, gap kogtli pendty =-2^ andwidfh = 16. 

As used herein, "hematopoietic cells" include leukocytes including 
lymphocytes (T cells, B cells and NK cells), monocytes, and granulocytes (i.e„ neutrophils, 
5 basophils and eosinophils), macrophages, dendritic cells, msgakaiyocytes, reticulocytes, 
erythrocytes, and stem cells. 

As used hsrein, the terms "test compound" or "test agent" are used 
interchangeably and refer to a candidate agent tliat can have enhancer/agonist, or 

10 ' inhibitar/autagoiiist activity, e.g., inhibiting or enhancing an interaction such as PDZ-PL 
binding. The candidate agents or test compounds caa be any of a large variety of compounds, 
both naturally occiiiring and synthetic, organic and inorganic, iwd including polymers (e.g., 
oligopeptides, polypeptides, oligonucleotides, and polynucleotides), small molecules, 
antibodies (as broadly defined herem), sugars, Mfy acids, nucleotides and nucleotide analogs, 

15 analogs of naturally occurring structures (e.g., peptide mimetics, nucleic acid analogs, and the 
like), and nunieixius other oonrpoimds. In certain embodiment, test agents are prepared from 
diversity libraries, such as random or coiabioatoriai peptide or noa-peptidehbraries. Many 
hbraries are known in the art that can be used, e.g., chemically synthesized libraries, 
recombinant (e.g,, phage display libiaries), and in vit}-o translation-based libniries. Examples 

20 of chemically syntfaesazed hbraries are described in Fodor et al., I99lt Science 25 1 :767-773; 
Hou^ten et al, 1991, Natire 354:84-86; Lara et al., 1991, Nature 354:82-84; Medynski, 1994, 
Bio/Technology 12:709-710; Gallop et al., 1994, J. Medicinal Chmistty 37(9):1233-1251; 
Ohhaeyer et al., 1993, Proc. Natl Acad. Set USA 90:10922-10926; Brb et al, 1994, Proc. 
Natl Acad. Set USA 91:11422-11426; Hougliten et al., 1992, Biotedmiques 13:412; 

25 Jayawicfcreme et al, 1994^ Proc Natl. Acad. Sci USA 91:1614-1618; Salmon et al., 1993, 
Proa Natl Acad Set USA 90:1 17G8-1 1712; PCT PublicatioaNo. WO 93^0242; and Brenner 
and Lemer, 1992, Proc. NatL Acad. Sci. USA 89:5381-5383. Examples of phage display 
libraries ai-e described in Scott and Smith, 1990, Science 249:3^6-390; Devlin et al,, 1990, 
Science, 249:404-406; Christian, R.B., et al., 1992, /. Mol. Biol 227:711-718); Lenstra, 1992, 

30 J. Imnunol. Metk. 152:149-157; Kay et al., 1993, Gene 128:59-65; and PCT Publication No. 
WO 94/183 18 dated Ai^ust 18, 1994. In vitro translation-based libraries include but are not 
Umited to those described in PCT Publication No. WO 91/05058 dated April 18, 1991 ; and 
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MalfheaMs et al„ 1994, Proc. Natl. Acad Sd. USA 91:9022-9026. By way of examples of 
notipqitide libraries, abenzodiazqiiiie library (see e.g., Bunin et aL, 1994, Proc. Natl- Acad. 
Sci. USA 91:4708-4712) can bo adapted for use. Peptoid libraries (Simon et al., 1992, Froc. 
Naa. Acad. Sd. C/SH 89:9367-9371) can also be iised. AiMliifiar example of a Kbraiy that can 
be used, in which Sie amide functionaHties in peptides have been pennefliylated to generate a 

. chemically transfermed combinatorial library, is described by Ostresh et al (1994, Proc. Natl. 

. ^cfld 5a* ijS4 91:11138-11142). 

The term "specific binding" refers to bioding between two molecules, for 
example, a ligand and a receptor, characterized by the ability of a molecule (Ugand) to associate 
witli another spedftc moleculfi (receptor) even in the presence of many other diverse molecules, 
i.e., to show preferential bmding of one molecule for another in a heterogeneous mixture of 
molecules. Specific binding of a ligand to a receptor is also evidenced by reduced binding of 
a dfitcctably labeled ligand to the receptor in the presence 6f excess unlabeled ligand (i.e., a 
binding competition assay). 

As used herein, a "pluraHfy of PDZ proteins (or corresponding PDZ domains 
or PDZ fiision polypqjtides) has its usual meaning. In some embodiments, the phu-alify is at 
least 5, and often at least 25, at least 40, or at least 60 diSstent PDZ ptoteans. In some 
embodiments, the plurality is selected from the Est of PDZ polypeptides listed in Table 9. In 
some embodiments, the plurality of different PDZ proteins are from (i.e., expressed in) a 
particular specified tissue or a particular class or type of cell. In some embodiments, the 
plurality of different PDZ proteins represeaits a substantial fraction (e,g., typically at least 50%, 
more often at least 80%) of all of the PDZ proteins Jmown to be, or suspected of being, 
expressed in the tissue or cell(s), e.g., all of the PDZ proteins known to be pi-esent in 
lynqjbocytes or hetnatopoetic oelk la. same embodiments, the plurality is at least 50%, usually 
at least 80%, at least 90% or all of the PDZ proteins disclosed herein as being expressed in a 
particular cell. 

When referring to PL peptides (or the coiresponding proteins, e.g., 
cottBfiponding to those listed in TABLE 8, or elsewhesre herem) a "pluiality" can refer to at 
least 5, at least 1 0, and often at least 25 PLs such as those specifcally listed herein, or to the 
classes and percentages set forth stq)ra for PDZ domains. 
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H. Qveaidew 

The present inventors have identified a number of interactions between PDZ 
proteins and PL proteins that can play a sigmficant role in flio biological ftmction of certain 
■5 cells and in a variety of pbyaiokigical systems. As used herein, the term, "biological itmction" 
in the context of a cdl, refers to a detectable biological activity normally carried out by the cell, 
aphenotypic changG such as proliferation, cell activation (e,g., T cell activation, B cell 
activation, T-B cell conjugate fbrmation), cytokine release, degranuIatiorL, tyrosine 
phosphoiylation, ion (e.g., <jaiciinn) flux, metabolic activity, apoptosis, changes in gene 
10 expression, maintenance of cell stracture> ceU migration, adherence to a substrate, signal 
transduction, cell-cell interactions, and othears described herein or known in the ait 

Because the interactions involve proteins that are involved in diverse 
physiological systems, the metliods provided herein can be utilized broadly or selectively to 
modulate a number of different biological functions. Methods are also disclosed herein for 
15 det«mining whelfaer a test compound acts as a modulator of binding betweea a particular PDZ 
protein and PL protein binding pair. Both agonists and aotagonists of the binding 
■ identified by such screening methods. Modulators so identified can subsequently be fonnulated 
as a phanMceutical composition and used in the treatment of various diseases that ate 
coHelated with binding between a particular PDZ protein and PL protein or set of such 
20 proteins. 

HI, PPZ Protein and PL Protein Interactions 

TABLE 7 and TABLE 12 (located at file end of the specification) list PDZ 
proteins and PL proteins which fee curraot inventors have identified as binding to one another 

25 using assay methods described wj/ra. Each page of TABLE 7 and 12 includes seven columns. 
The columns in each tabic are numbered fi-om left to right such that the left-most column in 
each table is column 1 and flie right-most colunm in each table is column 7. Thus, the first 
column in each table is labeled "AVC ID"; this column simply lists an internal reference 
number used to refer to the catboxyl-teiminal amino acids of the PL proteins listed in the 

30 second column. Tims, the second column labeled "PL" Bsts the various PL peptides that were 
identified as binding a PDZ protein. All PL pq)tides were biotinylated at the amino-terminus 
and the sequences of these PL peptides are presented in TABLE 8 (see end of specification). 
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The PDZ protein (of proteins) that iiitefact(s) with a PL pqptide are listed in the 
fourth column of each table fliat is labeled "PDZ", This colunm provides the gene name for 
Ihe PDZ portion of the GST-PDZ fusion ihat interacts with fee PDZ-Ugand to the left For PDZ 
domain-containing proteins with multiple domains, the domain number is listed to the right of 
5 the PDZ (i.e., in column 5 labeled "PDZ Domain'*), and indicates the PDZ domain iTumber 
when numbered fix>m the amino-temmius to the carboxy-tetniiniis. 

The third colunm labeled "Peptide Optimal Conoeiatraiion" in the tables is a 
number reflective of the bmding intesraction between the PL protean and PDZ protein. If a *0' 
is Hsted, tMs is an indication ttiat an interaction was observed using a PL peptide concentration 

10. of 10 uM in the assay; any other value Estfid is mdicative of the Kd (dissociation constan^^ in 
uM determined by titration of the PL peptide on ftie concentration of PDZ protein hsted in 
TABLE 7 and 12 (see infira for methods for determining ICd). Tlie column labeled "Protein 
Optimal Concentration" refers to the protein concentration used to assay PL interaction (in 
ug/ml); a '0' is mdicative of 5 ugtol protein concentration; any other value represents the 

1 5 conoentrjdon (in ugAnl) used to deteitniae the dissociation constant for a given interaction. 

Filially, the seveiith column labeled "Classification" is another measure of the 
level of bindiag. hi pailicular, it provides an absorbance value at 450 nm which in(ficates 1iie 
amount of PL peptide bound to the PDZ protein. The following numerical values have flie 
following meanings: '1 ' - A^soOm 0-1; '2' - Aaonm 1-2; '3"- A4sonm 2-3; '4' - A^own 3-4; '5' 

20 - A4J0 W1 of 4 more than 2X repeated; '0' - A^nm 0, i.e., not found to interact. Thus, higher 
numbers indicate stronger interactions. 

Further information regarding fiiese PL proteins and PDZ proteins is provided 
in TABLES 8 and 9. In particular, TABLE 8 provides a listing of the amino acid sequences 
of peptides used in the assays. When numbered ftom leift to right, the first column labeled 

25 "AVC ID" provide flie internal designation number used to refer to a parlicular PL protein and 
correlates with the designatioiinsed in TABLE 7 or TABLE 12. The column labeled "AVC 
Name" provides the name of tlie gene containing a predicted PDZ ligand. The third colimm 
labeled "Sequence" is the amino acid sequence of the PL protein used in the assay. The final 
two columns labeled "Accession iSfo. and GI list the Gaibank accession number or GI number 

30 conresponding to the sequence and geaie name. As nidicated supra, all pqjtides are biotuiyiated 
a! the amino terminus and the amino acid sequences correspond to the C-terminal sequence of 
tlie gene name listed to the left. 
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TABLE 9 (located at the end of the specification) lists the sequences of the 
PDZ domains clonEd into a vector (PGEX-3X vector) for production of GST-PDZ &sion 
proteiiB (Phaimada) (see section VI (A)) below). More specifically, the first column Oeft to 
right) entitled "Gene Name" lists the mms of the gene coirtainiiig tiie PDZ domain. The 
5 second column labeled "GT' is aumque Gerabank identifier for the gms used to desigtipiiniGrs 
for PGR amplification of the listed sequence: The next column labeled "Domain Number" 
indicates the Pfam-predicted PDZ domain number, as numbered from the amino-temiinus of 
the gene to the carboxy-terminus. The last column entitled "Sequence" provides the actual 
amino acid sequence inserted into the GST-PDZ expression vector as detemained by DNA 

10 sequencing of the constructs. 

As discussed in detail herein, the PDZ protems listed in TABLE 7 and 12 are 
naturally occuning proteiJDS containing a PDZ domam. Only siguiScant interactions are 
. presented in TABLE 7 and 12. Thus, the present invention is particulafly directed to the 
detection and modulatioin of interactions between a PDZ protein and PL protein pair listed in 

15 TABLE7Qrinl2. As used herein the p]]aa8e*'proteinpaur'' or 'protein binding pair'' when 
used in lefereace to a PDZ protein and PL protein refers to a PL protein and PDZ protem listed 
in TABLE 7 or 12 wiiich bind to one another. It should be understood that TABLE 7 and 12 
at-e set up to show that certain PL proteins bind to a plurality of PDZ proteins. For example, 
in TABLE 7, PL protem CD46 ^age 2 of TABLE 2) binds to the PDZ proteins KIAA0973, 

20 Mint 1, KIAA807, BAI-1, KIA0807(S), and PL protein CX43 binds to PDZ proteins ZO-2 
andZO-1. 

IV. Cl^Sificatifftl Qlltfaafitiq^g 
A. General 

25 Tlie intaractions summarized in TABLE 7 and 12 can occur in a wide variety 

of cell types, Examples of such cells include hematopoietic, stem, neuronal, muscle, epidermal, 
epithelial, endothelial, and cells fiom essentially any tissue such as liver, lung, placenta, uterus, 
Mdney, ovaries, testes, stoonach, colon and intestine. Because the interactions disclosed herein 
can occur in such a wide variety of cell types, ftiase interactions can also play an important role 

30 in a variety of biological fiinctions. Consequently, modulation ofthe interactions between PDZ 
proteins and PL proteins that are described hearein can be utilized to regulate biological fimction 
in a wide range of cells. 

20 
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In certain methods disclosed herein, the PL protein is eatpiessed or up-iegulated 
upon cell activation (e.g., in activated B lymphocyte, T lymphocytes) or upon entry into 
mitosis (e.g., up-reguMon in rapidly proliferating cell populations). 



5 B. Exemplary PDZ ClassificatiQn 

The PDZ proteins identified herein as interacting with particular PL proteins 
cEtn be grouped into a number of different categories. Thus, as described in greater detail 
below, the methods and reagents that are provided hoiein can be utilized to modulate PDZ 
interactions, and thus biological fijncfions> that are regulated or othearwise involve fiie following 
1 0 classes of proteins. It should be recognized, however, that modulation of the interactions that 
are identified herein can be utilized to affect biological functions involving other protein 
classes. 



1. Pmtftin Tfinamg 

A munber of pratean icinases contain PDZ domains. Protein kinases ai'e 
widely involved in cellular metabolism and regulation of protein activity through ■ 
phosphorylation of amino acids on proteins. An example of this tlie regulation of signal 
transduction pathways such as T cell activation throuh tiie T cell Receptor, where ZAP-70 
Itinase function is required for transmission of the activatioa signal to downstreara effector 
molecules, These molecules include, but are not limited to KIAA0303, KIAA056I, 
K[AA0807, mA0973, and CASK. 

2. Guanalyte KiAagra 

A number of guanalyte kinases contain PDZ domains. 'Hiese molecules 
include, but are not limited to Atrophia 1, CAJRDl 1, CARD14, DLGl, DLG2, DLG5, 
FLJ126I5, MPPl, MPP2, NeDLG, p55T. PSD95, ZO-1. ZO-2, and Z03. 

3> .Guaniag P3j;ch?iige Factoyji 

A number of guanine exchange factors contain PDZ domains. Guanine 
exchange factors regulate signal traraduction pathways and other biological processes 
through fecilitaling the excliange of differentially phosphorybted goanine residues. These 
molecules include, but are not hmited to GTPase, Guanine Exchange, KIAA0313, 

21 
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KIAA038a KIAA0382, KIAA1389, KIAA1415, TIAMI, and TIAM2. 

4. LIMPDZ's 

A number of LM PDZ's contaia PDZ domains. These molecules include, 
5 but are not limited to Alpha Actinin 2, ELFINl, ENIGMA, HEMBA 1003117, KIAA0613, 
KIAA0858, K1AA063 1. LIM Mystique, L3M proleio, LIM-RIL, LIMKl, LIMK2, ai^d LU- 
1- 

5. Proteins Containing; Qaly PDZ Domains 

•1 0 • A number of proteins contain PDZ domains witliout any other predicted 

fimctionai domains. These include, but are not Hniitedto 26s subunit p27, AIPC, Cytohesin 
Binding, EZRIN Binding Protein, FLJOOOn, FLJ20075, FLJ21687, GRIPI, 
HEMBAI 000505, KIAA0545, KIAA0967, KIAA1202, KIAA1284, KrAAl526, 
KIAA1620, KIAA1719, iVEAGGIl; Novel PDZ gene, Outer Membrane, PARS, PAR6, 

15 PAR6 Gamma, PDZ-73, PDZKl, PICKl, PIST, prIL16, Shanlc 1, SIPl, SITAC-18, 
SYNTENIN, Syntrophin gannm 2, TIPl, TIP2, and TIP43. 

6. T^TOsine |>hosphatases 

A number of Tyrosine phosphatases contain PDZ domains. Tyrosine 
20 phosphatases regulate biological processes such as a^nal transduction pathways through 
removal of phosphate groups required for function of the target protein. Escamples of such 
enzymes include, but are not hmited to PTN-3, PNT-4, and PTPLl. 



7. Serine Proteases 
25 A number of Serme Proteases contain PDZ domains. Proteases affect 

biological molecules by cleaving theim to either activate or rejjress their fiinctioiial ability. 
These enzymes have a variety of functions, including roles in digestionj blood coagulation 
and lysia of blood clots. These include, but are not liixiited to Novel Serine Protease, and 
Serine Protease. 



S- Viral Oncogene Meractine Proteins That Contain PDZ Domains 
A number of TAX interacting proteins contain PDZ domams. Many of these 
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also bind to multiple viral oncoproteins sach. as Adenovirus E4, Papillomavirus B6, and 
HBV protdn X. Thesfe include, Init are not limited to AIPC, Connector Enhancer, DLGl, 
DLG2, ERBM, FLJOOOll, FLJ1121S, HBMBA 1003117, INADL, KlAAiOI47, lOAAOfiO?, 
KIAAl 526, iaAA1634, UMKl, LIM Mystique, LTM-EIL, MUPPl, NeDLG, Outer 
5 Membrane, PSD95,PTN-4,Fn*Ll,Syntrophm gamma l.Syntrophmga^^ 
protein, TIP2, TIPl, TIPSS andTIP43. 

9. Proteins Containing RA and/or RHA and/or DE. and/or IGFBP 
and/or WW and/or L27 and/or SAM and/or PH and/or DIX and/or DIP and/or Dishevelled 

10 and/or LRR and/or Honnone 3 and/or C2 and/or RPH3 A and;or zf-TRAF and/ or zf-C3HC4 
and/or PIP and/or NO Svathase and/or Flavodoxin and/or 'PAD hinflwp; anA/nr NAD 
bmding acd/pr KmL m<t/vs Imm sn/Qt RBD and/pr RGS and/oy QqUxq and/orHRl 
md/Qy PROl Tl^at ContajnPDZ Domains 

A number o proteins oontaimng EA and/or RHA and/or DIL and/or IGFBP 

15 and/or WW and/or 157 and/or SAM and/or PH and/or DDC and/or DIP and/or Dishevelled . 
and/or LRR. and/or Hormone 3 and/or C2 and/or RPH3A and/or zf-TRAF and/or sf-e3HC4 
and/or PID aad/or NO_Synthase and/or Flavodoxin and/or FAD binding and/or NAD 
binding and/or Kazal, and/or Trypsin an/or RBD and/or RGS and/or GoLoco and/orHRl 
and/or BROl contain PDZ domains. These inchide, but are not limited to AF6, APXL-1 , 

20 BAI-1 Associated, DVLl, DVL2, DVU, iaAA0417, KIAA0316, ICIAA034O, KIAA0559, 
KIAA0751, KIAA0902, KIAAl 095, KIA1222, I<IAA1634,MI]Sm,NOSl, RGS12, 
Rhophilin-lilce, ShankS, Syntropinn 1 alpha, Syntrophin beta 2, and X-1 1 beta. 



C Exemplary PL Classification 

25 The PL proteins involved in the interactions listed in TABLE 7 and 12 are from 

a number of diffei'ent classes. Consequently, the methods and reagents tiiat are disclosed herein 
can be utilized to to modulate interactions involving the following classes of PL proteins to 
modulate a bioloigcal fitnction in cells. The following classes, however, should not be 
considered exhaustive of the the types of classes of proteins whose activity can be modulated 

30 using the methods and reageaits that are provided herein. 
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1. PL Sequences of T Cell Surface Receptors 
A number of surface receptors expressed by T cells contain a PL motif 
sequence (PL sequence). These molecules include, but are n0t limited to, C336, CD95, 
CDW128B (IL8 R), DNAM-1, Fas ligand (FasL), LPAP (Barclay et al., 1997, The 
3 Leucocyte Antigen Facts Book, second edition. Academic Press), dASP-l , CLASP-2, 
(XASP-5, BLR-1 (CXCR5), D0CK2, PAG, and Maiinose Receptor. 

The C-terminal core sequence of CD6 is ISAA (SEQ K) NO:X}, When 
natuxally-occmxing residues aie added or removed from the core sequence, AA (SEQ ID 
NO:X), SAA (SEQ m NO:X), DISAA (SEQ ID NO:X), DDISAA (SEQ ID NO:X), 
10 YDDISAA (SEQ ID NOJt), and DYDDISAA (SEQ ID NO:X) may also be used to target a 
PDZ doinain-contaiiiing protein in T cells. 

The C-terminal core sequence of CD95 is QSLV (SEQ ID NOiX). When 
natutally-occiirring residues are added or removed from the core sequence, LV (SEQ ID 
NO:X), SLV (SEQ ID NO:X). IQSLV (SEQ ID NO:X). EIQSLV (SEQ ID NO:X), 
15 NEIQSLV (SEQ JD NO:X), and RNEIQSLV (SEQ ID NO:X) may also be used to target a 
PDZ domaiti-contaitting protein in T cells. 

The C-teiminal core sequence of CDwl28B is STTL (SEQ ID NO:X)> Wheal 
natuitilly-occmTuig residues are added or removed from the core sequence, TL (SEQ ID 
NOu?Q, TTL (SEQ ID NO:X), TSTTL (SEQ ED NO:X), KTSTTL (SEQ ID NO:X), 
20 GHTSTTL (SEQ ID NO JQ, and SGHTSTTL (SEQ ID NO:X) may also be used to target a 
PDZ domaiti-containing protein in T cells. 

The C-terminal core sequence of DNAM-1 is KIEV (SEQ ID NO:X). When 
naturally-occurring residues are added or removed from flie core sequence, RV (SEQ ID 
NO:X), TRY (SEQ ID NO:X), PKTRV (SEQ ID NO^X), RPKTRV (SEQ ID NO:X), 
25 RRPKTRV (SEQ ID NOlX), and SRRPKTRV (SEQ ID NO:X) may also be used to target a 
PDZ domain-containing protein in T cells. 

The C-tei-minal core sequence of FasL is LYECL (SEQ ID NO:X). Wlien 
naturally-occurring residues are added or removed &om the core se<pience, KL (SEQ ID 
NO:X), YKL (SEQ ID NOiXJ; GLYEX (SEQ ID NOlX), FGLYKL (SEQ ID NO:X), 
30 FFGLYKL (SEQ ID NOlJC), and TFFG0LYKL (SEQ ID NO:X) may also be used to target a 
PDZ domam-contaimng protein in T cells. 

. The C-tenninal core sequence ofLPAP is VTAL (SEQ ID NO:X). When 
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nataraUy-occiirring residues are added or removed jfrom fbe core sequence, AL (SEQ ID 
NO:X), TAL (SEQ ro NO:5Q, HVTAL (SEQ ro NO:X), LHVTAL (SEQ ID NO:X), 
GLHVTAL (SEQ ID NO:X), and QGLHVTAL (SEQ ID NO:X) may also be used to target 
a. PDZ dornain-contaiaing protein in T cells. 
5 The C-temiinai core seqacsncc of CXASP-1 is SAQV (SEQ ID NO;X). Wlien 

naturally-ocouning residues are added or removed flrom the core sequence, QV (SEQ ID 
NO:X), AQV (SBQ ID NO:X), SSAQV (SEQ ID NO:X), SSSAQV (SBQ ED NO;X), 
ISSSAQV (SEQ ID NO:X), and SISSSAQV (SEQ ID NO:X) may also used to target a 
PDZ domain-containing protein in T cells. 

10 The C-taminal core sequence of CLASP-2 is SSVV (SEQ ID NO:X). When 

naturally-occuning residaes are added or removed &om the core sequence, W (SEQ ID 
NO:X). SVV (SEQ ID NO:X), SSSW (SBQ ID NO:X), SSSSW (SEQ ID NO:X), 
TSSSSW (SEQ ID NO:X), and MTSSSSW (SBQ ID NOlK) may also be used to target a 
PDZ domain-containing protein in T cells. 

15 The C-temiinal core sequence of CLASP-5 is SQGS (SEQ ID NO'JC). When 

natui-ally-occurring residues are added or removed fi-om the core sequence, GS (SEQ ID 
NO:X), QGS (SEQ ID NO:X), LSQGS (SEQ ID NO:X), QLSQGS (SEQ ID NOiX), 
TQLSQGS (SEQ ID NO:X), and ETQLSQGS (SEQ ID NO:X) may also be used to target a 
PDZ domain-containing protein in T cells. 

20 The C-temiinal core sequence of BLR-1 is LTTF (SEQ ID NO J£). When 

naturally-occurring residues are added or iBmoved from the core sequence, TF (SBQ ID 
NOlS), TTF (SEQ ID NOiJQ, SLTTF (SEQ ID NO:X), TSLTTF {SEQ ID NO JQ, 
ATSLTTF (SEQ ID NO:X), and NATSLTIF (SEQ ID NO:X) may also be used to target a 
PDZ domain-containing protein in T cells. 

25 The C-tcrminal core sequoice of D0CK2 is STDL (SEQ ID NQ:X). ^Vhen 

naturally-occumng residues are added or removed flrom the core sequence, DL (SEQ ID 
NO;X), TDL (SEQ ID NO:X), LSTDL (SEQ ID NO:X), SLSTDL (SEQ ID NO:X), 
DSLSTDL (SBQ ID NO:X), and PDSLSTDL (SEQ ID NO:X) may also be used to target a 
PDZ domain-containing proteia in T cells. 

30 The C-tertninal core sequence of PAG is TTRL (SEQ ID NO-JC). Wlien 

naturally-occurring residues are added or removed &om the core sequence, RL (SEQ ID 
NO:X), TKL (SEQ ID NOlJQ, DITRL (SEQ ID NO:X), RDITRL (SEQ ID NO:X), 
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GRDITOL (SEQ E) NO:X), and QGRDITRL (SEQ ID NO:X) may a3so be used to target a 
PDZ domain-containing protein in T cells. 

The C-temtinal core sequence of Mataiose Receptor is HSVI (SEQ ID 
NO:X). When naturally-occuning residues are added or removed fiom the core sequence, 
5 VI(SEQ]DNOLfO,SVI(SEQIDNO:X),EHSVI(SEQIDNO:X).ISIEHSVI(SEQID 
NO'JQ, QNEHSVI (SEQ TO NOiX), and EQNEHSVI (SEQ ID NO:X) may also be used to 
target a PDZ domdn-coaCaiiung protein ill T cells. 



2. PL Sequeaces of B Cell Surface Receptors 
10. A number of surface receptors expressed by B cells contain a PL motif 

sequeaice (PL sequence). These molecules include, but are not limited to, CD95, CDW125 
(modified) (ILSR.), DNAM-l, LPAP (Barclay et aL, 1997, The Leucocyte Antigen Facts 
Book, second edition. Academic Press), CLASF-1, CLASP-2, CLASP-5, and BLR-1, The 
specific motif sequrauces of CD95, DNAM-1, LPAP. CLASP-1, CLASP-2, CLASP-5, and 
15 BLR-1 have bean dracribed in the preceding paragraphs. 

The C-terminal core sequence of CDW125 is DSVF (SEQ ID NO^X). When 
naturally-occurring residues are added or removed flx>m the core sequence, VF (SEQ ID 
NOlX), SVF (SEQ ID NO:X), EDSVF (SEQ ID NO:X), LEDSVF (SEQ ID NO;X), 
TLBDSVF (SEQ ID NO:X), and ETLEDSVF (SEQ ID NO:X) may also be used to target a 
20 PDZ domain-containmg protein in B cells. 



3. PL Sequences of Natural Killer CeU Surface Receptors 
A number of surfece receptors expressed by NK cells contain a PL motif 
sequence (PL sequence). These molecules include, but are not limited to, DNAML The 
25 specific motif sequence of DNAM-1 has been described m the preceding paragraphs. 



4. PL Seauences of Monocyte Surface Rjeceotors 
A number of surfece receptoars expressed by cells of the monocytic lineage 
(monocytes and macrophages) oontara a PL motif sequeaics (PL sequence). These 
30 molecules include, bat are not lunited to, CD4€, CD95, CDwl28, DNAM-1, Mamiose 
receptor, and FcsRip. The specific motif sequences of CD95, CDwl28B, DNAM-1, and 
Mamiose receptor have been described in the preceding paragraphs. 
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The C-temimal core sequence of C3>46 is PTSL (SEQ ID NO:X). When 
naturally-occnrrbig residues are added or removed from the core seqoience, SL (SEQ ID 
N0:X),TSL(SEQ IDNO:X).KFTSL(SEQIDN0:X), VKFTSL(SEQIDNO:X). 
EVKFTSL (SEQ ID NO;X). and REVKPTSL (SEQ ID NO:X) may also be used to target a 
5 PDZdomain-Dontairangprotedii in monocytes. 

The C-terminal core sequence of FcsRIp is PIDL (SEQ ID NO:X). When 
natiE'aUy-occumng residues are added or removed from the core sequence, DL (SEQ ID 
NO:X), IDL (SEQ ID NO:X), PPIDL (SEQ ID ^0:X), SPPmL (SEQ ID NO:X), 
MSPPIDL (SEQ ID NO:X), and EMSPPIDL (SEQ ID NO:X) may also he used to target a 
1 0 PDZ domain-containing ptotdn in monocytes . 



5. PL Sequences of QranulQcvtB Surface Receptors 

A number of surface receptors expr eased by granulocytes contain a PL motif 
sequence (PL sequence). These molecules include, but are mot limited to, CD95, C3DW125, 
15 and FcsRip. The specific motif sequences of CD95, C35W125, and FceRip have been 
described in the preceding paragraphs. 



6. PL Saliences of EndotfaeUal Cell Siurface Receptors 

A number of surface receptors expressed by endo&elial cells contain a PL 
. 20 motif sequence (PL sequence). These molecules include, but are not limited to, CD3 4, and 
CD46. The specific motif sequence of CD46 has been described in the preceding 
paragraphs. 

The C-terminsl core sequence of CD34 is DTEL (SEQ ID N0:3C). When 
naturally-occuning residues are added or removed from the core sequence, EL (SEQ ID 
25 NO:X), TEL (SEQ ID NO:X), AD1EL (SEQ ID NO:X), VADTEL (SEQ ID NOlK), 

VVADTEL (SEQ ID NO:X), and HWADTEL (SEQ ID NO:X) may also be used to target 
a PDZ domain-containing protein in endothelial cells. 



7. PL Sequences of G^Protein Lmked Receptors 
■30 A number of &-protein linked receptors contain a PL motif sequence (PL 

sequence). These molecules include, but are not liooited to, alpha-2A Adrenergic receptor, 
alpha-aB Adrenergic receptor, alphar2C AdroaeTgic receptor, GLtJE2, GluR5-2 (rat), 
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GLUR7, GliiR delta-2, muscaiinic Ach receptor M4, tmOA Glutamate Receptor 2C 
(cysteine-ftee), NMDA R2C, Serotonin receptor 3a, serotonin receptor 5-HT-2B, serotonin 
receptor 5'HT-2C, SSTR2 (somatostatin receptor 2), somatostaiin receptor 4, IL-8RA, 
parathyroid hormone receptor 2, and C5 Anaphylatoxrn receptor. 
5 The C-tenninai core sequence o f alpha-2A Adreaaergic receptor is KRTV 

(SBQ ED NO:X). When naturally-occurriag residues are added or removed from the core 
sequence, IV (SEQ ID NO:X). SIV (SEQ ID NO:X), EICRIV (SEQ ID NO;X), DRKRIV 
(SEQ ID NO:X), GDRKRW (SEQ BO NO:X), and RGDRKRIV (SEQ ID NO:X) may also 
be used to target a PDZ domain-containing protein in cells. 

1 0 The C-terminal core sequence of alpha-2B Adrenergic receptor is QTAW 

(SEQ ID NO;X). When naturally-occurring i-esidues ai-e added or removed from the core 
sequence, AW (SEQ ED N0l5£), TAW (SEQ ID NO:X), TQTAW (SEQ ID NO:X), 
Wl'QTAW (SEQ ID NO:X), FWTQTAW (SEQ ID NO:X), and RPWTQTAW (SEQ ID 
NO:X) may also be used to target a PDZ domain-containing protein in cells, 

1 5 The C-terminai core sequence of a]pha-2C Adrenergic rsceptor is GFRQ 

(SEQ ID NO :X). When natnrally-ocoiuring residues are added or removed from the core 
sequence, RQ (SEQ ID NO:X), FRQ (SEQ ID NO:X), RGFRQ (SEQ ID NO:X), KRGFRQ 
<SEQ ID NO:X), ARRGFRQ (SEQ ID NO:X), and RARRGFRQ (SEQ ID NO:X) may also 
be used to target a PDZ domain-containing protein in cells, 

20 The C-tecminal core sequence of GLUR2 is SVKI (SEQ ID NO:X). When 

naturally-occurring residues are added or removed from the core sequence, KI (SEQ ID 
NO:X), VKI (SEQ ED NO:X), ESVKI (SEQ ID NO JQ. lESVKI (SEQ ID NO:X), 
GIESVKI (SEQ ID NO:X), and SGEESVKI (SEQ ED NO:X) may also be used to target a 
PDZ domain-containing protein in cells, 

25 The C-lennioal core sequence of GLXJR5-2 is ETVA (SEQ ID NO;X). 

WlLffli natarally-occuning residues are added or removed &oni the core sequsice, VA (SEQ 
ID NO:X), TVA (SEQ ID NO:X). KETVA (SEQ ID NO;X), RKETVA (SEQ ID NO:X), 
QRKETVA (SEQ ID NOlK), and TQRKETVA (SEQ ID NO;X) may also be used to target 
a PDZ domain-contaiinng protein in cells. 

30 The C-tenninal core sequence of GL1JR7 is MLVI (SEQ ID NO:X). When 

naturally-occurring residues are added or removed from the core sequence, VI (SEQ ID 
NO:X), LVI (SEQ ID NO:X), NNLVI (SEQ ED NO:X), YNNLVI (SEQ ID NO:X), 
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SYNNLVI (SEQID NO:X), and VSYNNLVI (SBQ ID NO:X)may also be used to target a 
PDZ dcmain-contaiiiing protein ill ceQs. 

The C-tsaniinal core sequence of GhiR delta-2 is GTSI (SEQ ID NO:X). 
When naturally-occurring residues are added or removed fiom the care sequence, SI (SEQ 
5 ID NO:X), TSI (SBQ ID NO£X), RGTSI (SEQ ID N0:5C), DRGTSI (SEQ ID NO:X), 
PDRGTSI (SEQ ID NO JQ, and DPDRGTSI (SEQ ID NO:X) may also be used to target a 
PDZ domain-contdning protein in. cells. 

The G-taaninal core sequence of musoaiiuic Adi receptor M4 is EQAL 
(SEQ ID NO:X). When natnrally-octjuiring residues are added or removed j&om the core 
10 sequence, AL (SEQ ID NO:X), QAL (SEQ ID NO;X). PEQAL (SEQ ID NO;X). APEQAL 
(SEQ ID NO;X), RAPEQAL (SEQ ID NO:X), and KRAPEQAL (SBQ ID NO:X) may also 
be used to target a PDZ donMiin-containing protein in cells. 

The C-terminal core sequence of NMDA Glutamate Receptor 2C is ESEV 
(SEQ ID NO:X). When naturally-occurring residues are added or removed fcom the core 
15 sequtaice, EV (SEQ ID NO:3C), SEV (SEQ ID NO:X). LESEV (SEQ ID NO:X), SLESEV 
(SBQ ID NO:X), SSLESEV (SEQ ID NO:X), and ISSLESBV (SEQ ID NO:X) may also be 
used to target a PDZ domain-containiog protein in cells. 

The C-tenninal core sequence of NMDA E2C is STW (SBQ ID NO:X), 
When naturally-occurring residues are added or removed fix)m the core sequence, W (SEQ 
20 ID NO:X), TVV (SEQ ED NO:X), VSTW (SEQ ID NO:X), SVSTVV (SEQ ID NO:X). 
PSVSTW (SEQ ID NO:X), and DPSVSTW (SEQ ID NO:X) may also be used to target a 
PDZ domain-containing protein in cells. 

The C-t«minal core sequence of Serotonin i-ec^tor 3a is WQYA (SEQ ID 
NO:X), When naturally-occurring residues are added or removed jfrom the core sequence, 
25 YA (SEQ ID NO:X), QYA (SEQ ID NO:X), IWQYA (SEQ ID NO:X), SIWQYA (SEQ ID 
NO:X), WSIWQYA (SEQ ID N0:3Q, andLWSIWQYA (SEQ ID NO:X) may also be used 
to target a PDZ domain-containing protein in cells. 

The C-temtinal core sequence of serotonm reoeptor 5-HT-2B is VS YV (SEQ 
IDNO:X). When nahirally-occuiring residues are added or removed fiom the core 
30 sequence, YV (SEQ ID NO:X), SYV (SEQ ID NO:X), QVSYV (SEQ ID NO:X), 
EQVSYV (SEQ ID NO:X), EEQVSYV (SBQ ID NO:X), and TEEQVSYV (SEQ ID 
NO:X) may also be used to target a PDZ domain-contaimng protein in cells. 
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The C-temunal core sequence of serotcaun receptor 5-HT-2C is ISSV (SEQ 
IDNO:X). Wlien naturally-occurring residues are added or removed fiom the core 
sequence, SV (SEQ ID NO:X), SSV (SEQ ID NOlX), KISSV (SEQ ID NO;X), ERISSV 
(SEQ ID m:X), SERISSV (SEQ ID NO:X), and VSERISSV (SEQ ID NO:X) may also be 
5 Tiffid to target a PDZdomain-coiitaimng protein ill cells. 

The C-terminal core sequence of SSTR 2 is QTSI (SEQ ID NO:X). When 
tiatoraEy-occuiring residues are added or ranoved from the core sequence, SI (SEQ ID 
NO:X), TSI (SEQ ID NO:X), LQTSI (SEQ ID NO:X), DLQTSI (SEQ ID N0:5C|, 
GDLQTSI (SEQ ID NO:X), and NGDLQTSI (SEQ ID NO:X) may also be used to target a 
10 PDZ domain-containing protein in cells. 

The C-tenninal cosre sequence of somatostatin receptor 4 is TTTF (SEQ ID 
NO:X). Wlien naturally-occurring residues are added or removed firom the core sequence, 
TP (SEQ ID NO:X). TTF (SEQ ID NO:X). RTTTF (SEQ ID N0:3C), TRTTTF (SEQ ID 
NO:X), LTRTTTF (SEQ ID NO:X), and PLTRTTTF (SEQ ID NOiX) may also be used to 
15 target aPDZ domain-containing protein in cells, 

The C-terminal core sequence of IL-8RA is SSNL (SEQ ID NO;X). When 
natarally-ooouiTuig residues are added or removed &om the core sequence, NL (SEQ ID 
N0l5Q, SM. (SEQ ID NO:X), VSSlSfL (SEQ ID NO:X), NVSSNL (SEQ ID NO:X), 
VNVSSNL (SEQ ID NO:X), and SVNVSSNL (SEQ ID NO:X) msy also be used to target a 
20 PDZ domain-containmg protein in cells. 

The C-terniinal core sequence of parathyroid hormone receptor 2 is EDVL 
(SEQ ID NO:X). When naturally-occurrrag residues are added or removed ftom the core 
sequence, VL (SEQ ID NO:X), DVL (SEQ ID NO:X), TEDVL (SEQ ID NO:X), ETEDVL 
(SEQ ID NO:X). GETEDVL (SEQ ID NO:X), and QGETEDVL (SEQ ID NO:X) may also 
25 be used to target a PDZ domain-contaimng protein in cells. 

The C-taiminal core sequence of C5 An^hylatoxin receptor is TQAV (SEQ 
ID NO:X) . When naturally-occurring residue are added or removed from the core 
sequence, AV (SEQ ID NOiX), QAV (SEQ ID NO:X), KTQAV (SEQ ID NO:X). 
QKTQAV (SEQ ID NO:X), AQKTQAV (SBQ ED NOOQ, and MAQKTQAV (SEQ ID 
30 NO:X) may also be used to target a PDZ domain-containing protdn in cells. 
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8. PL Seqtijences of Viral Oncogenes 

A number of viral oncogenes and viral oncogene bomologues contain a PL 
motif sequence (PL sequence). These molecules include, but are not limited to, AdenoM 
typ9, AKTl, HPV E6 #16 (Modified), HPV E6 #18, HPV E6 33 (modified), HPV Efi #35 
5 (cysteine-free), PIPV E6 52 (modified), HPV E6 #57 (cysteine-ftee), HPV E6 58 
(modified), HPV E6 #66 (cysteine-fiee), HPV E6 77 (modified), and TAX. 

The C-terminal oate sequence of AdenoB4 typ9 is ATLV (SEQ ID NO:X). 
When naturally-occumng residues are added or removed ftom the core sequence, LV (SEQ 
ID NO:X), TLV (SEQ ID NO:X), lATLV (SEQ ID NO:X), ICIATLV (SEQ ID NO;X), 
10 VKIATLV (SEQ K) NO:X), and SVKIATLV (SEQ ID NO:X) may also be used to target a 
PDZ domain-containing pixjtBin in cells. 

The C-tsmiinal core sequence of AKTl is SSTA (SEQ ID NO:X). When 
oaturally-ooouning residues are added or removed &om the core sequence, TA (SBQ ID 
NO:X), STA (SEQ ID NO:X), ASSTA (SEQ ED NO:XX SASSTA (SEQ ID NO:X), 
15 YSASSTA (SEQ ID NO:X), and SYSASSTA (SEQ ID NO:X) may also be used to target a 
PDZ domain-containing protein in cells. 

The C-teoainal core sequence of HPV E6 #16 is ETQL (SEQ ID NO:X). 
When naturally-occurring residues are added or removed from the core sequence, QL (SEQ 
ID NO:X), TQL (SEQ ID NO:X), RETQL (SEQ ID NOiX), RRETQL (SEQ ID NO;X), 
20 TRRETQL (SEQ ID NOlJC), and RTRRETQL (SBQ ID NO:X) may also be used to target a 
PDZ domain-containing protein in cells. 

The C-terminal core sequence of HPV E6 #1 8 is ETQV (SEQ ID NO:X). 
When naturally-occurring residues are added or removed firom the core sequence, QV (SEQ 
ID NO:X), TQV (SEQ ID NO:X), RETQV (SEQ ID NO:X), RKETQV (SEQ ID NO:X), 
25 RERETQV (SBQ ID NOrX), and QBRRETQV (SEQ ID NO:X) may also be used to target 
a PDZ domain-containing protein in cells. 

The C-terminal core sequeftce of HPV E6 33 is ETAL (SBQ ID NOrX). 
When naturafly-occorring residues are added or removed fiiom the coi-e sequence, AL (SEQ 
ID NO:X), TAL (SEQ ID NO:X), RETAL (SEQ ID NO:X), RSETAL (SEQ ID NO;X), 
30 GEIRETAL (SEQ ID NO:X), and QGRRETAL (SEQ ID NO:X) may also be used to target 
a PDZ domain-containing protein in cells. 

The C-tenninal core sequence of HPV E6 #35 is BXEV (SEQ ID NO:X). 
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When naturally-occraring residues are added on-emoved &om flie core sequence, EV (SEQ 
ID N0:3g, TEV (SEQ ID NOtX), RETEV (SEQ ID NO:X), RRETEV (SEQ ID NO:X), 
TRilETEV (SEQ ID NO JQ, and FTRRETEV (SEQ ID NO:30 may also be used to target a 
PDZ doniain-coiitaining protein in cells. 
5 The C-temiinal cckb sequence of HPV E6 52 is VTQV (SEQ ID NO:X). 

When natarally-occxming r^dues are added or removed from the cote sequence, QV (SEQ 
ID NO:X), TQV (SEQ ID NO:X), kVTQV (SEQ ID NO;X), RRVTQV (SEQ ID NO:X), 
GRRVTQV (SEQ ID NQ:X), and QGRR.VTQV (SEQ ID KO:X) may also be used to target 
a PDZ domain-containing protein in cells. 

10 The C-terminal core sequence ofMPVE6 #57 is RTSH (SEQ ID NO:X). 

When naturally-occurring residues are added or removed fram the core sequencejj SH (SEQ 
ID NO:X), TSH (SEQ ID NO:X), LRTSH (SEQ ID NO:X), ALRTSH (SEQ ID NO:X). 
PALRTSI-I (SEQ ID NO:X), and AP ALRTSH (SEQ ID NO:X) may also be used to target a 
PDZ domain-containing protein in cells. 

15 The "C-tertDinal core sequence of HPV E6 58 is QTQV (SEQ ID NO-JQ- 

When naturally-occumng residues are added or removed from the core sequence, QV (SEQ 
ID NO'JQ. TQV (SEQ ID NO:X), RQTQV (SEQ \D NO JQ, RRQTQV (SEQ ID NO:X), 
GRRQTQV (SEQ ID NO:X>, and QGRRQTQV (SEQ ID NO:X) may also be used to target 
■'a PDZ domain-containiBg protein in cells. 

20 The C-terminal core sequcaico of HPV E6 #66 is ESTV (SEQ ED NO:X), 

■ When naturally-occurring residues are added or removed from the core sequence, TV (SEQ 
ID NO:X), STV (SEQ ID NO:XX TESTV (SEQ ID NO:X), ATESTV (SEQ ID KO:X), 
QATESTV (SEQ ID NO:X), andRQATESTV (SEQ ID NO:X) may also be used to target a 
PDZ domain-containing protean in cells. 

25 The C-tenninal core sequence ofHPVE6 77 is QSRQ (SEQ ID NO:X). 

When mturaUy-ocxjurring residues are added or removed from the core sequence, RQ (SEQ 
ID NO:X), SRQ (SEQ ID NO:X), GQSRQ (SEQ ID NO:X), GGQSRQ (SEQ ID NO:X), 
GGGQSRQ (SEQ ID NO:X), and RGGGQSRQ (SEQ ID NO:X) may also be used to target 
a PDZ domain-containing protein in cells. 

30 The C-terminal core sequence ofTAX is ETEV(SBQ ID NO:X). When 

naturally-occurring residues are added or removed from the core sequence, EV (SEQ ID 
NO:X), TEV (SEQ ID NO:X), REIEV (SEQ ID NO:X), FKBTEV (SEQ ID NOiX), 
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HFRBTBY (SBQ ID NO:X), and KHFRETBV (SEQ JD NOiX) may also be used to target a 
PDZ domaia-contammg protein in cells. 

5- P L Sequences of Tigtht Junction Integral Membrane Proteins 

A nxunber of tigph* junction integral membime proteins corriain a PL motif 
sequence {PL sequence). These molecules include, but are not limited to, Claudin 1, 
Claudin2, Claudin?, Claudin 9, aaudinlO, and Claudin 18. 

The C-terminal core sequence of Claudin 1 is KDYV (SEQ ID NO:X). 
When naturally-occurring residues are added or removed firom the core sequence, YV (SEQ 
ID NO:X), DYV (SEQ ID NOl5£), GKDYV (SEQ ID NO:X), SGKDYV (SEQ ID NO:X), 
SSGKDYV (SEQ ID NO;XX and PSSGKDYV (SEQ ID NOiX) may also be used to target 
a PDZ domain-containing protean in cells. 

The C-tenninal core sequence of Claudin 2 is TGYV (SEQ ID NO:X). 
When naturally-occiiiring residues are added or renioved from the core sequence, YV (SEQ 
ID NOrX), GYV (SEQ ID NO:X), LTGYV (SEQ ID NO:X), SLTGYV (SEQ ID NO:X), 
YSLTGYV (SEQ ID NO:X), and SYSLTGYV (SEQ ID NO:X) may also be used to target 
a PDZ domain-containing protein in cells. 

The C-teiminal core sequence of Claudin 7 is KEYV (SEQ ID NO:X}. 
When naturally-occurring residues are added or removed from the core sequence, YV (SBQ 
ID NO:X), EYV (SBQ ID NO:X), SKEYV (SEQ ID NO:X), SSKEYV (SRQ ID NO;X), 
NSSKEYV (SEQ ID NO:X), and SNSSKEYV (SEQ ID NO:X) may also be used to target a 
PDZ domain-containing protein in cells. 

The C-terminal core sequence of Claudin 9 is RDYV (SEQ ID NO:X). 
When naturally-occurring residues, are added or removed fiom the core sequence, YV (SEQ 
ID NO:X), DYV (SEQ ID NO:X), KRDYV (SEQ ID NO:X), DKRDYV (SEQ ID NO:X), 
LDKJEIDYV (SEQ ID NO:X}. and GLDKRDYV (SBQ ID NO:X) may also be used to target 
a PDZ domain-containing protein in cells. 

The C-terminal core seqneaice of Claudin 10 is NAYV (SEQ ID NOiK). 
When naturally-occurring residues are added or removed ircan the core sequence, YV (SEQ 
ID NOrX), AYV (SBQ ID NO:X), KNAYV (SEQ ID NO:X), DKNAYV (SEQ ID NO:X), 
FDKNAYV (SBQ ID NO:X), and QFDKNAYV (SEQ ID NO:X) may also be used to target 
a PDZ domain-containing protein in cells. 
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The C-tenninal core sequence of Claudia 18 is HDYV (SEQ ID NO:X). 
When natarally-occumng lesidaes are added or removed from the core sequence, YV (SEQ ; 
E) NO:X). DYV (SEQ ID NOlK)/KHDYV (SEQ ID NO:X). SICEDYV (SEQ ID NO:X), 
PSKHDTV" (SEQ © NOl?0, aad YPSBCHDYV (SEQ ID NO:X) may also be used to target 
5 aPDZdomain-wmfairaingpiotBininoells. j., 

10. PL SBqusflces of Cell Adhesion Molecules ; 
A number of cell adhesion molecules contain a PL motif sequence (PL 
sequence). As used herein, an adhesion protein is a cell surface protein involved in. ceil-ceSl - j 

10 intccaction by direct contact witii cell surface molecules (e.g,, transmembrane proteins or 
surfece proteins) on a difiereni cell. Hius, when a cell expressing a PL adhesion protein 
contacts an appropriate other cell, the PL adhesion protein localizes at the interfece of the two ? ■ 

cells and directly contacts a cell surface molecule on the second cell. A oell-cell interface is 
a region where the plasma membranes of two difta:^ cells are in. close (generally <1 0 ran, 
15 ofteoi about 1 nm) appositictn. Typically, direct molecular contact means interaction of I 
molecules at distances where Van der Walls forces are significant, generally less than about 1 j ; 

nm. Miibitioii or modulation can occur in a variety ofcell types including, endothelial cells, 
epithelial cells, karatinocytes, hepafocytes and cardiac myocytes. 

These molecules include, but are not limited to, Neuroligin,Nectin 2, JAli r 
20 Qunctional adheaon molecule), neurofascin (chicken), and CSPG4 (chondroltin sulMe I - 

proteoglycan 4, melanoma-associated). ' 

The C-temiinal cor© sequesnce of Keuroligin is TTRV (SEQ ID liO-.X). 
"When naturally-oocurring residues are added or removed from the core sequence, RV (SEQ 
ID NO:X), TRY (SEQ ID NO:X), STTRV (SEQ ID NO:X), HSTTRV (SEQ ID NO:X), 
25 PHSTTRV (SEQ ID NO:X), and LPHSTTRV (SEQ ID NO:X) may also be used to target a 
PDZ domain-containing protein in ceUs. 

The C-teinmnal core sequence ofNectin 2 is AMYV (SEQ IDNOiX). "When 
nafurally-occurring residues are added or removed firom the core sequence, YV (SBQ ED .\ 
lTO:X),MYV(SEQmND:X),RAMYV(SEQmNOLX),SRAMYV(SBQromX), || 
.30 MSRA]Smr(SEQmNO:X),aQdV]\©RAMYV(SEQIDNO:X)mayalsobeuscdto j, 
target a PDZ domain-contanung protein in cells. 

The C-terminal core sequence of JAM is SLFV (SEQ lb NO:X)- "When 
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naturally-occumng residues are added or removed firom the core sequence, FV (SEQ ID 
NO:X), LFV (SEQ ID NO:X), SSLFV (SEQ ID NO:X), TSSLFV (SEQ ID NO:X), 
QTSSLFV (SEQ ID NO;X), and KQTSSLFV (SEQ ID NO:X) may also be used to target a 
PDZ domain-containiiig protein in cells. 
5 The C-tenuinal core sequence of neurofescin is YSLA (SEQ K) NO iX). 

When naturally-occunriiig residues are added or removed .-from the core sequence, LA (SEQ 
ID NO:X), SLA (SEQ ID NO:X), lYSLA (SEQ ID NO:X), AIYSLA (SEQ ID NO:X), 
NATf SLA (SEQ ID NO:X), and VNAIYSLA (SEQ ID NO:X) may also l3e used to target a 
PDZ domain-containing protein in cells. 
10 The C-terminal core sequence of CSPG4 is QYWV (SEQ ID NO:X). Wlien 

naturaliy-occumng residues are added or removed fiom the core sequence, WV (SEQ ID 
" NO;X), YWV (SEQ ID NO:X), GQTVW (SBQ ID NO:X), NGQYWV (SEQ ID NO:X), 
ICNGQYWV (SEQ ID NO:X), and U<NGQYWV (SEQ ID NO:X) may also be used to 
target a PDZ doiiiaiti-oontaimiig protdn in cells . 

15 

11. PL Sequences of Neuron Membrane Traisport and Oream2atton 

Molecoiea 

A number of neuron membrane transport and orgamzation molecules contain 
a PL motif sequence (PL sequence). Ttiese molecules include, but are not limited to, 
20 Dopamine transporter, noradrenaline transporter, glutamate transporter 3, GABA 
transporter 3, MESTT-l, MINT-2, MDNT-3, presenilin-1 , and presenilin-2. 

The C-temainai core sequence of Dopamine transporter is WLfCV (SEQ ID 
• NO:X). When naturally-occurring residues are added or removed from the core sequence, 
KY (SEQ ID NO:X), LK.V (SEQ ID NO:X), HWLKV (SEQ ID NO:X), RHWLKV (SEQ 
. 25 ID NO:X), LREWLKV (SEQ ID NO:X), and TLRHWLICV (SEQ ED NO:X) may also be 
used to target a PDZ domain-oontalniiig protein in cells. 

The C-terminal coxe sequence of noiadraialine transporter is WLAI (SEQ ID 
NO:X). When naturally^ccuning residues are added or removed fiom the core sequence, 
AI (SEQ ID NO:X), LAI (SEQ ID NO:X), HWLAI (SEQ ID nOJCf, QHWLAl (SEQ ID 
30 NO:X), LQHWLAI (SEQ ID NO:X), and QLQHWLAI (SEQ ID NO:X) may also be used 
to target a PDZ domain-containing protein in cells. 

"Hie C-terminal core sequence of giutam^e transpoiter 3 is TSQF (SEQ ID 
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NO:X). When naturdly-occurring residues are added or removed firom the core sequence, 
QF (SEQ ID NO:X), SQF (SEQ ID NO:X), QTSQF (SBQ ID NO:X), TQTSQF (SEQ ID 
NO:X), FTQTSQF (SEQ ID NO:X), and SFTQTSQF (SEQ ID NO:X) may also be used to 
target a PDZ domam-containang protein in cells, 
5 The C-tsrminal core sequence of GABA tranapoiter 3 is ETEEF (SEQ ID 

NO:X). When naturally-occurring residues are added orronoved fixnn the core sequence, 
HF (SEQ ID NO:X), THF (SEQ ID NO:X), KETHF (SBQ ID NO:X), BKETHF (SEQ ID 
NO:X), TBKBTHF (SEQ ID NO:X), and ITEKETHF (SEQ ID NO:X) may also be used to 
target a PDZ dotmahi-contaiiiiiig protein in cells. 
1 0 The C-terminal core sequence of MINT-1 is PVYI (SEQ ID NOlX). When 

natiu-ally-occiuring residues are added or removed fiom tlie core sequence, YI (SEQ ID 
NO:X), VYI (SEQ ID NO:X), QPVYI (SEQ ID NO:X), EQPVYI (SEQ ID ND:X), 

■ QEQPVYI (SEQ ID NO:X), and AQEQPVYI (SEQ ID NOt30 may also be used to target a 
PDZ domain-containing protein in cells. 

15 The C-terminal <xire sequence ofMINT-2 is PLYI (SEQ ID NOlX). When 

■ naturally-occurring residues are added or iiemoved from the core sequence, YI (SEQ ID 
NO:X), LYI (SEQ ID NO;X), TPLYI (SEQ ID NO:X), ETPLYI (SEQ ID ND;X), 
QETPLYI (SEQ ID NO:X), and GQETPLYI (SEQ ID NO:X) may also be used to target a 
PDZ domain-containing protein in cells, 

20 The C-teiminal core sequence of MINT-S is PVYL (SEQ ID NO JC). When 

natorally-occuning residues are added or removed fiom the core sequence, YL (SEQ ID 
NO:X), VYL (SBQ ID NO;X). QPVYL (SEQ ID NO:3C), EQPVYL (SEQ H) NO:X), 
QEQPVYL (SEQ ID NO:X), and GQEQPVYL (SEQ ID NO:X) may also be used to target 
a PDZ domain-contaimog protein in cells. 

25 ■ . . Tlie C-terminal core sequence of presenilm-l is QFYl (SEQ ID NO:X). 

When naturally-occumng residues are added or removed ftom the core sequence, YI (SEQ 
ID NO:X), PYI (SEQ ID NO:X), HQFYI (SEQ ID NOrX). FHQFYI (SEQ ID NO:X). 
AFHQFYI (SEQ ID NO:X), and LAFIIQFYI (SEQ ID NO:X) may also be used to target a 
PDZ domain-containing protein in cells, 

30 The C-tsrminal co3t« sequence of presemlin-2 is QLYI (SEQ ID NO:X), 

When naturally-occuning residues are added or removed from the core sequence, YI (SEQ 
. ID NO:X), LYI (SEQ ID NO:X), HQLYI (SEQ ID NO:X), SHQLYI (SEQ ID NO:X), 
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ASHQLYI (SBQ ID NO:X), and LASHQLYI (SEQ TD NOiX) may also be used to target a 
PDZ dcmigJii-eoDttaifflng protein in cells. 

12. PL Sequences of R ece ptor Kinases 
5 A number of receptor kinases contain a PL motif sequence (PL sequence) . 

These molecules include, but are not limited to, epkrin A2, ephrin Bl, epIirin.B2, o-ldt 
receptor, and ai)B-4 receptor. 

The C-tenninal core sequence ofephiinA2 is GM (SEQ ID NO:X). "When 
naturally-occuning residues are added or removed &om the core sequence, PI (SEQ ID 
10 NO:X), IPI (SEQ ID NO:X), VGM (SEQ BD NOrX), TVGM (SEQ ID NO:X), NTVGM 
(SEQ DO NO;X), and VNTVGtPI (SBQ ID NO:X) may also be used to target a PDZ 
domain-containing protem in cells. 

The C-tenninal core sequence of ephrin Bl is YYKV (SEQ ID NO^K), 
When naturally-occmring residues are added or removed fixan ttie core sequence, KV (SEQ 
15 ID NO:X), TKV (SEQ ID NO:X), lYYKV (SEQ ID NOlX). WVYKV (SEQ ID NO:X). 
ANIYYKV (SEQ ID NO:X), and PAMYyKV (SEQ ID NO:X) may also be used to target 
. a PDZ domain-containing protein in cells. 

The C-termina] core sequence of ephrin B2 is SVE\'' (SEQ ID NOlX). 
When naturally-oocuiting residues are added or removed from the core sequence, EV (SEQ 
20 ID NOlX), VEV (SEQ ID NO:X), QSVEV (SEQ ID NOrX), IQSVEV (SEQ ID NO:X), 
QIQSVBV (SEQ ID NO:X), and NQIQSVEV (SEQ ID NO:X) may also be used to target a 
PDZ domain-containuig protein in cells. 

The C-temiinal core sequence of c-kit receptor is HDDV (SEQ ID NO;X). 
When naturally-occurring residues are added or removed from the core sequence, DV (SEQ 
25 ID N0:X3, DDV (SEQ ID NO:X), VHDDV (SEQ ID NO:X), LVHDDV (SEQ ID NO :X), 
LLVHDDV (SBQ ID NO:X), and PLLVHDDV (SEQ JD NO:X) may also be used to target 
a PDZ dojnain-containiug protein in cells, 

The C-tcaninal core sequence of ErbB-4 receptor is NTW (SEQ ID NO:X). 
"When naturally-ocGuning residufis are added or removed fitom the core sequence, "W 
30 (SEQ ID NO:X), TW (SEQ ED NO:X), RNTW (SEQ ID NO:X), HRNTVV (SEQ ID 
NOtX), REffiNTW (SEQ ID NO:X), and YEHRNTVV (SEQ ID NO:X) may also be used 
to target a PDZ domain-containing protein in cells. 
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13, pjL Sequences of Regulators of G-Prn fRin Si^naTmp; 
A number of regulators of G-protein sigiialing contain a PL motif aequence 
(PL sequence). These molecules include, "but are not limited to, RGS12 (regulator of Q- 
5 ptoteiii signaling 12), and GAIP (G-alpha interacting protein) RGS 19. 

The C-tsrminal core sequence ofRGSia is ATFV(SEQ ID NO;X), When 
naturally-occurring residues are added or removed from the core sequence, PV (SEQ ID 
NO;X), TFV (SEQ ID NO:X), HATFV (SEQ ID NO:X), HHATFV (SEQ ID NO:X). 
AHELVTFV (SBQID NO:X),andSAHHATFV (SEQ ID NO:)i)Hiay also beiised to target 
JO a PDZ domain-contaimng protein in cells, 

The C-terminal core sequence of GAIP (G-alplia interacting protein) RGS 19 
is SSEA (SEQ ID NO :X). When natutally-occnrring residues are added or removed from 
flie cote sequence, EA (SEQ ID NO:X), SEA (SEQ ID NO:X), QSSEA (SBQ ID NO:X), 
SQSSBA (SEQ ID NOlSC). PSQSSEA{SEQ ID NO;X), and GPSQSSEA (SEQ ID NO:X) 
.1 5 may also be used to terget a PDZ domain-containing protdn in cells. 

14 PL Sequences of Ion Chaimels and Transporters 
A number of regulators of ion channels and transporters coaitain a PL motif 
sequence (PL ^quaace). As nsed herein, an ion channel protein means a transmembrane 
20 protein that itself catalyzes the passage of an ion from aqueous solution on one side of a Hpid 
bilayer membrane to aqueous solution on the other side (e.g., by forming a small pore in the 
membrane). These molecules include, but are not limited to, Kir2.1 (inwardly rect. K+ 
channel), and Na+yPi contrangiorter 2. 

The C-tenninal core sequence of Kir2.1 is ESEI (SEQ ID NO:X), When 
25 naturally-occurring residues are added or removed from the core sequence, EI (SEQ ID 

NO:X), SEI (SEQ ID NO:X), RESEI (SEQ ID NO:X), RRESEI (SEQ ID NO:X), LRRESEI 
(SEQ ID NO:X), and PLREESEI (SEQ ID NO:X) may also be used to target a PDZ 
domain-containing protein in cells. 

The C-tenninal core sequemce of Na+ZPi contransporter 2 is ATEiL (SBQ ID 
3 0 NO:X). Wlien naturally-occurring rasidues are added or removed from the core sequence, 
RL (SEQ n> NO;X), TRL (SBQ ID NO:X), NATRL (SEQ ID NO:X), HNATRL (SEQ ID 
NO:X), HHNATRL (SEQ ID NOlJC), and AHH^ATRL (SEQ E) NOlJQ may also be used 
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to taiget a PDZ domanwxmtaining protein in cells. 

15, PL Sequences of Tiimor Suppreaaar Proteins. CeU Viability 
Associated Proteins. Receptors, and Critical Regulators 
5 A numbex of tumor aippressor proteins, cell viability associated proteins, 

receptors, and critical r^julators contain a PL motif sequence (PL sequence) , These 
molecules include, la\A are not limited to, alpia-l-syntrophin, ropporin, CX43 (connexiti 
■ 43), CD68, a-actioin 2, zona occUidesis 3 (ZO-3), KIA 1481, CFTCR (cystic fiborosis 
transmanbrane conductance regulator), ActRIIA, CAPON (carboxyl-tenninal PDZ ligand 
10 of neiffond nitric oxide synthase) inENA,JRA-GEF(iWr^lA-assoc.<jEIO,PDZ-binding 
. kinase (PBK), RhoGAP (PTPLl-a^ociated), CITRON protein, Nedasin (s-fbrm), APC- 
adenomatous polyposis coli protein, CKR5 (HTV Co-reccptor), catenin -delta 2, bone 
morphogenetic protein receptor, TRAF2, Glycophorin C, and PTEN. 

The C-terminal core gecjuence of alpha-l-syntraphin is GLLA (SEQ ID 
1 5 NO :X). When aaturally-occorring rcsidnes are added or removed from flie core sequence, 
LA (SHQ ID NO;X), LLA (SEQ ID NO:X), LGLLA (SEQ ID NO:X), RLGLLA (SEQ ID 
. NO:X), TRLGLLA (SEQ m NO;X), and VTRLGLLA (SEQ ED NO:X) may also be used 
to targcft a PDZ domain-containing protein iu cells. 

The O-teoninal core sequence of ropprin is VQLE (SEQ ID NO:X). When 
20 naturaUy-occuiring residues are added or removed from flie core sequence, LB (SEQ ID 
NO:X), QLE (SEQ ID NO:X), RVQLE (SEQ ID NOiX), PRVQUS (SEQ ID NO:X), 
NPRVQLE (SEQ ID NOiX), and QNPRVQLE (SEQ ID NO:X) may also be used to target 
a PDZ domain-oontaimng protein in cells. 

The C-tenninal core sequence of ropprin is VQLE (SEQ ID NO:X). When 
25 nafajraUy-occuiring residues are added or removed from the core sequence, LE (SEQ ID 
NO:X), QLE (SEQ ID NO:X), RVQLE (SEQ ID NO:X), PRVQLE (SEQ ID NO:X), 
1?«'RVQLE (SEQ ID NO:X), and QNPRVQLE (SEQ ID NO:X) may also be used to target 
a PDZ domain-containing protein m ceUs. 

The C-terminal core sequence of CX43 (connexin 43) is DLEI (SEQ ID 
30 NO:X). When naturally-ocouiritig residues are added or removed from the core sequence, 
EI (SEQ ID NO:X), LEI (SEQ K) NO:X), DDLEI (SEQ ED NO:X), PDDLEI (SEQ ID 
NO:X), RPDDLEI (SEQ ID NO:X), and PRPDDLEI (SEQ ID NQ:X) may also be used to 
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target a PDZ doiBflin-containiiig protein in cells. 

The C-terminal core sequence of CD68 is YQAL (SEQ ID NO:X). Warn 
naturaliy-occurring residues are added or removed from the core sequaice, AL (SBQ ID 
NO:X), QAL (SEQ ID NO:X). AYQAL (SEQ ID NO:X), SAYQAL (SEQ ID NO:X), 
5 PSAYQAL (SEQ ID NO:X), and RPSAYQAL (SEQ ID NO:X) may aliso be used to target 
a PDZ domain-containing protein in cells. 

The C-teiminfll core sequence of a-actinin2 is ESDL (SEQ ID NO:X). 
When naturally-occurring residues are added or romoved J&om the core sequence, DL (SEQ 
ID N0l5£), SDL (SEQ ID m-JL), GESDL (SEQ ID NO:X), YGESDL (SEQ ID NO:X), 
10 LYGESDL (SEQ ID NOlK), and AL YGESDL (SEQ ID NO:X) may also be used to target a 
PDZ domain-containing protein in cells. 

The C-tetminal core sequence of zona occludeais 3 (ZO-3) is ATDL (SEQ ID 
NO:X). When natuiaUy-occuiring residues are added or renioved from the core sequence, 
DL (SEQ ID NO:X), TDL (SEQID NO:X), PATDL (SEQ ID NO:X), GPATDL (SEQ ID 
15. NO:X), WGPATDL (SBQ ID NO:X), and DWGPATDL (SEQ ID NO:X) may also be used 
to target a PDZ domain-containing protein in cells. 

The C-terminal core sequence of KIA 1481 is TSPL (SEQ ID NO:30. When 
naturally-ocouiring residues are added or removed from the core sequence, PL (SEQ ID 
NO:X), SPL (SEQ ID NO:X). PTSPL (SEQ ID NO:X), GPTSPL (SEQ ID NO:X), 
20 WGPTSPL (SBQ ID NO;X), and DWGPTSPL (SEQ ID NO:X) may also be used to target 
a PDZ domain-containing protein in cells. 

The C-tenninal core sequence of CFTCR (cystic fibrosis transmembrane 
conductance regulator) is DTRL (SEQ ID NO;X), When naturally-occiaring residues are 
added or removed from the core sequence, RL (SEQ ID NOtX), TRL (SEQ ID NO:X), 
25 QDTRL (SEQ ID NO:X), VQDTRL (SEQ ID NO:X), EVQDTRL (SEQ ID NO:X), and 
BEVQDTRL (SEQ ID NO:X) may also be used to target a PDZ domain-containing protein 
in cells. 

The C-terminal core sequence of AcfRUA is ESSL (SEQ ID NO:X). When 
naturally-occumng residues are added or removed from the core sequence, SL (SEQ ID 
30 NOlX), SSL (SEQ ID NO:X). KESSL (SEQ ID NO:X), PKBSSL (SEQ ID NO:X), 

PPKESSL (SEQ ID NO:X), and FPPKESSL (SEQ ID NO:X) may also be used to target a 
PDZ domain-containing protein in cells. 
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The C-temiitial core sequence of CAPON (carboxy-teiminal PDZ ligatid of 
neuronal nitric oxide synthase) mRNA is EIAV (SEQ ID NO;X). Wheal naturally-ocouixing 
residues are added or removed ftom the core sequence, AV (SEQ ID NO:X), lAV (SEQ ID 
NO:X), DEIAV (SEQ ID NO:X), DDEIAV (SEQ ID NO:X), LDDBIAV (SEQ ID NO:X),' 
5 and GLDDEIAV (SBQ ID NO:X) may also be used to target a PDZ domain-contaimng 
protem in cells. 

The C-termitial core sequence of RA-GEF (ras/icaplA-«s80c,-GEF) is VSAV 
(SEQ ID NO:X). When natuiallyoccurring residues are added or removed ftora the core 
sequence, AV (SEQ ID NO:X), SAV (SEQ ID NO:X), QVSAV (SEQ ID NOlX), 
10 EQVSAV (SEQ ID NO£X), DEQVSAV (SBQ ID NO:X), and EDEQVSAV (SEQ ID 
NO:X) may also be used to target a PDZ domain-containing protein in cells. 

The C-ten-ninal core sequence of PDZ-binding kinase (PBK) is ETDV (SEQ 
ID NO:X). When naturally-occuirmg residues are added or removed from the core 
sequence, DV (SEQ ID NO^), TDV (SEQ ID NO:X), LETDV (SEQ ID NO:X), ALETDV 
15 , (SEQ ID NO:X), EALETDV (SEQ ID NO:X), and VBALETDV (SEQ ID NO:X) may also 
be used to target a PDZ domain-containing protein in. cells. 

The C-tenmnal core sequence of RhoGAP 1 (PTPLl -associated) is PQFV 
(SEQ ID NO ;X). When naturally-occmiing residues are added or removed from the coi;e 
sequence, FV (SEQ ID NO:X), QFV (SEQ ID NO:X), IPQFV (SEQ IDNOJq, EIPQFV 
20 (SEQ ID NO:X), DBIPQFV (SEQ ED NO:X). and EDEIPQFV (SEQ ID NO:X) may also be 
used to target a PDZ domain-containing protdn in cells. 

The Oteraiinal core sequence of QTRON protein is QSSV (SEQ ID NO:X). 
When naturally-occurring residues ate added or removed jBtom the core sequeuce, SV (SEQ 
m NO:X), SSV (SEQ TD NO:X). DQSSV (SEQ li> NO:X), WDQSSV (SEQ ID NO:X), 
25 VWDQSSV (SEQ ID NO:X), and KVWDQSSV (SEQ ID NOlX) may also be used to 
target a PDZ domain-containing protein in cells. 

The C-teraiinal core sequcaice of Nedasin (s-form) is SSSV (SEQ ID NO:X). 
When naturally-occurring xesidoes are added or removed fram the core sequence, SV (SBQ 
ID NaX), SSV (SEQ ID NO Jf), FSSSV (SEQ ID NO:X), PFSSSV (SEQ ID NO^S), 
30 VPFSSSV (SEQ ID NOl50, and WPFSSSV (SEQ ID NO:X) may also be used to target a 
PDZ domain-containing protein in cells. 

The C-terminal core sequence of APC- adaiomatous polyposis coli protein 
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is VTS V (SEQ ID NO:X). Wlieii Eatiirally-occumng residues are added or removed fi-om 
Hie core sequence, SV (SEQ ID NO;X), TSV (SEQ ID NO:X), LVTSV (SEQ ID NO:X), 
YLVTSV (SEQ ID NO:X). SYLVTSV (SEQ ID NO:50, and QSYLVTSV (SEQ ID NO:X) 
may also be used to target a PDZ domain-containing protein in cells, 
5 Hie C-termtnal core sequence of CKR5 (HTV Co-receptor) is SVGL (SEQ 

ID NO ;X). When natuially-occurring residues are added or ranoved from the core 
sequence, GL (SEQ ID NO:X), VGL (SEQ ED NO:X), ISVGL (SEQ ID NO;X), EISVGL 
(SEQ ID NO:X), QEISVGL (SEQ ID NO:X), and EQEISVGL (SEQ U> NOCJQ may also 
be used to target a PDZ domam-contaiiiiiig protein in cells. 

1 0 The G-terminai core sequence of cantenin - ddta 2 is DSWV (SEQ ID 

NO:X). "When naturally-occurring r^idues are added or removed Emm fee core sequence, 
WV (SEQ ID NO:X), SWV (SEQ ID NO;XD, PDSWV (SEQ K) NO:30. SPDSWV (SEQ 
ID NO:X), ASPDSWV (SEQ ID NO:X), and PASPDSWV (SEQ ID NO:X) may also be 
nsed to target a PDZ domain-containing protein in cells. 

15 The C"terminal core sequence of bone morphogenetic protein receptor is 

DVKI(SEQIDNOlS). Iffhen naturally-declining residues are added or removed from the 
core sequence, KI (SEQ ID NO:X), YKI (SEQ ID NO:X), QDVKI (SEQ ID NO:X), 
SQDVia (SEQ ID NO:X), ESQDVKI (SEQ H> NO:X), and VESQDVKI (SEQ ID NO:X) 
may also be iised to target a PDZ domain-containing protein in cells. 

20 The C-terminal core sequence ofTRAF2 is LTGL (SEQ ID NOdO- When 

naturally-occurring residues are added or removed Brom the core sequence^ GL (SEQ ID 
NO:X), TGL (SEQ ID NO:X), DLTCL (SEQ ID NO:X), VDLTGL (SEQ ID NO:X), 
IVDLTGL (SEQ ID NO:X), and AIVDLTGL (SEQ ID NO:X) may also be used to target a 
PDZ domain-containing protein in cells. 

25 The C-temiinai core sequence of Glycophodn C is ETfFI (SEQ ID NO:X). 

When naturally-occuning residues are added or removed fifom. the core sequence, PI (SEQ 
ID NOlX). YFI (SEQ ID NO:X), KBYFI (SEQ ID NO:X), KKEYH (SEQ ID NO:X), 
SKKEYFI (SEQ ID N0:3Q, and SSRKBYFI (SEQ ID NO:X) may also be used to target a 
PDZ domain-containing protein in cells. 

30 The C-tenninal core sequence of PTEN is ITKV (SEQ ID NO:X). When 

naturaUy-occurring residues are added or removed from the core sequence, KV (SEQ ID 
NO:X), XK:V (SEQ ID NO:X), QlTKV (SEQ ID NO:X), TQITKV (SEQ ID NO:X), 

42 



wo 03/014303 



PCT/DS02/246SS 



HTQITKV (SEQ ID NOlX), QHTQirKV (SEQ ID NO:X) may also be used to target a 
PIDZ (iemain-contaimng protein in cells. 

16. Others 

5 The PL proteins that have teen identified herem as inferacting with particular PDZ 

piroteiiis also include intracellular proteins, and cytokine receptors, and adaptor proteins. As 
used herein, an intercellular (i.e,, oytosolic) protein has the normal meaning in the art and refers 
to a protein that is not membrane bound, e,g., has no transmembrjaie domain. The tmn 
cytokine receptor as used herein a t3rtokine receptor has the normal meaning in the art and 

10 refers to a membrane protein with an extracellular domain that specifically binds a cytoldne. 
As used herein, an adaptor protein means a molecule (e.g., protein) that contributes to the 
formation of a muifimolecular complex by binding two or more other bioraolecules. The 
binding of the two or more other molecules by the ad^tor molecule/'protein generally involves 
direct molecular contact between the ad^tor protein and each of the two or more othei- 

15 molecules. . 

V. Detection of f DZ Domabi-Comtaining Proteins 

As noted supra, tlie present inventors have idaatificd a numbei- of PDZ protein 
• and PL protein interactions that can play a role in modulation of a number of biological 

20 functions in a variety of cell types. A compi-ehensive list of PDZ domain-containing proteins 
was retiieved fiom the Sanger Centre database (Pfam) searching for the keyword, 'TDZ", The 
correspondmg cDNA sequences were retrieved firam GenBaui: using the NCBI "entr^" 
database (hereinafter, "GenBank PDZ protein cDNA sequences^). The DNA portion encoding 
PDZ domains was identified by aUgmncnt of cDNA and protein sequence using CLUSTALW. 

25 Biased on the DNA/protein alignment iufoimation, primers encompassing the PDZ domans 
were designed. The expression of cerfedn PDZ-contaniing proteins in cells was detected by 
polymerase chain reaction (TPCR") amplification of cDNAs obtained by reverse transcription 
C-RT") of cell-deiived RNA (i.e., '!RT-PCR"). PGR, RT-PCR and othermethods for analysis 
and manipulation of niicleic acids are well known and are described generally in Sambrook et 

30 aL, (1989) MOLBCUIAR Q-ONING: A LABORATORY MANUAL, 2ND ED., VOLS. 1-3, Cold Spring 
Harbor Laboratoiy hereinafter, "Sambrook"); and Ausubel et al.. Current Protocols m 
Molecular Biology, Greene Publishing and Wiley-Interscience, New York (1997), as 
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supplemented Ihtou^ Jannary 1999 (hereinafter "Aasubel"). 

Samples of cDNA fixr those sequences ideatifiedttnarougfi the foregoing search 
were obtained and then amplified. In general, a san^ile of the cDMA (tjrpically, 1/5 of a 20 [il 
reaction) was used to conduct PC3EI. PGR was conducted using primera designed specifically 
5 to amplify PDZ domaunsontaining segions of PDZ proteins of interest Oligonucleotide 
primers were designed to amplify one or more PDZ-encoding domains. The DNA sequences 
encoding the various PDZ domains of intarest were identified hy inspection (i.e., conceptual 
translation of tibie PDZ protein cDNA sequences obtained from GenBank, followed by 
alignment with the PDZ domain amino acid sequence). TABLE 9 shows tbePDZ-encoded 
10 domains amplified, and the GenBank accession number of the PDZ-domain containing 
proteins. To facilitate subsequent cloning of PDZ domains, the PCE. primers included 
endoiiuclease restriction sequences at fhdr ends to allow liplion with pGBX-3X cloning vector 
(Pharmacia, GenBank XXI13S52 ) in frame with glutathione-S transferase (GST). 

15 VI. Assays forDetectiott of Ihtmotions Between PDZ-Domai^i PolypeptidBS aqd C^^idate 
PDZ Ligand proteins (PL proteins) 

Two complementary assays, termed "A' and "G"" were developed to det^t 
binding between a PDZ-domain polypeptide and candidate PDZ ligand. In each of &e two 
different assays, binding is detected belweeai a peptide having a sequence corresponding to the 

20 C-tcrminus of a protein anticipated to bind to one or more PDZ domains (Le. a candidate PL 
peptide) and a PDZ-domain polypeptide (typically a fusion protein containing a PDZ domain). 
In the "A" assay, the candidate PL peptide is immobilized and binding of a soluble PDZ- 
domain polypeptide to flie immobilized peptide is detected (tiic "A"' assay is named for the fact 
that in one embodiment an avidin surface is used to immobilize the peptide). In the "G" assay, 

25 the PDZ-domain polypeptide is immobilized and binding of a soluble PL peptide is detected 
(The "G" assay is named for the feet that in one embodiment a GST-bindiag surfece is used to 
immobilize the PDZ-domain polypeptide). Preferred embodimeots of these assays are 
described in detail infra. However^ it will be appreciated by ordinarily sldlled practitioners that 
these assays can be modified in mmiHous w^ while remaining useful for fbs piuposes of the 

30 present invention. 
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GST-PDZ domain fhsion protems were prepared for use in the assays of the 
itweatioiL PGR products ocmtamiBg PDZ encoding domains (as described supra) were 
evflwioned into ao expression vector to peauiit e)qpression. of flision proteins containing a PDZ 
doinain and a heterologous domain (i.e., a giutathjone-S transferase seqiiencCj "GST"). PGR 
5 products (i,e., DNA fiagments) representing PDZ domain encoding DNA ;was extracted ftom 
agarose gels using the "sephaglas" gel extraction system (Phaimacia) according to tlie 
manufecturer's recommendations. 

As noted supra, PCRprinaBrs were designed to include eaidoimclease restriction 

sites to facilitate ligation of PCR fragments into a GST gene fusion vector (pGEX-3X; 

10 Pharmacia, GenBank accession no. XXU13852) in-jBraine wife the glutathione-S transferase 

coding sequence- This vector contains an IPTG inducible lacZ promoter. The pGEX-3X. 

vector was linearized using Bam HI and Eco RE or, in some cascs^ Eco BI or Sma I, and 

dcpLosphorylated. For most cloning approaches, double digestion with Bam HI and Eco BI 

was performed, so that the ends of the PGR fiagments to clone were Bami HI and. Eco RE. In 

. 1 5 some cases, restriction endonuclease combinations used were Bgl H and Eco RI, Bam HI and 

Mfe I, or Eco RI only, Sma I only, or BaanHI only. When more than one PDZ domain was 

cloned, the DNA portion cloned represents the PDZ domains and the cDNA portion located 

between individual domains. Procise locations of cloned j&agments used in the assays are 

indicated in TABLE 9. DNA linker sequences betweai the GST portion and the PDZ domain 

20 ccmtaimng DNA portion vary sli^tly, dependent on which of the above desdibed cloning sites 

and approadaes ware used. As a consequence, the amino acid sequence of the GST-PDZ fiisidn 

protein varies in the linker region between GST and PDZ domain. Protean linicer sequences 

cortespoaiding to different cloning sites/^proaches are shown below. Linker sequences (vector 

DNA encoded) arc bold, PDZ domain containing gene deiived sequences are in italics. 

25 1) G&T—'Bf«aiB3JBcmm~ PDZ domain insert 
Gly~n&—PDZ dojnain hiseri 

2) GST— 'BammiB^— PDZ domain insert 
Gly—TLit—PDZdofmin insert 

30 

. . 3) GWI—^cxmiEooI—PDZ domain insert 

Gly— lie— Pro— Gly-Asn— PDZ doma in insert 

4) GSTSmsiUSiml—PDZ domain inset-t 
35 Gly—lle^lfrf}— PDZ domaift insert 
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lbs PDZ-encodiiig PGR fiagment and linearizsd pGEX-3X vector were ethanol 
. predpitatedatdtesuspendedinlOuIstaDdaidHgationbuff^ Ligation was performed for 4-10 
hours at T^C using T4 DNA ligase. It will be raidsretood that some of the resultiiig constructs 
include very short linker sequences and that, when multiple PDZ domains were cloned, the 
5 constructs included some DNA located between individual PDZ domains. 

The ligation products were transformed in DH5a or BI>-21 E.coU bact^ 
strains. Colonies were screened £}r presoice and identify of the cloned PDZ domain contaiiiing 
DNA as well as for correct fusion with the glutaiiiione S-transfaase encoding DNA portion by 
PGR and by sequence analysis. Positive clones were tested in a small-scale assay for 
. 10 expression of the GST/PDZ domain fusion protein and, if expressing, these clones were 
subsequently grown up for large scale preparailions of GST/PDZ fiision protein. 

GST-PDZ domain fission protein was overexpressed following addition of 
IFTG to tlie ciilture medium and purified. Detailed procedure of small scale and large-scale 
fusion protein ejqpression and purification are described in "GST Gene Fusion System" (second 

15 edition, revision 3; published by Pharmacia). In brief, a small culture (SQmIs) containing a 
bacterial strain (DHScc, BL21 or JM109) with the &aion protein construct was grown overnight 
in 2xYT media at ST'C with the qipropriate antibiotic selection (1 OOug/ml ampicillin; a-k-a. 
ZxYT-anip) , The overnight culture was poured into a fresh preparation of 2xYT-amp (typically 
1 liter) and grown until the optical density (OD) of the culture was between 0.5 and 0.9 

20 {approximately 2.5 hours). IPTG (isopropyl p-D-thiogalactopyranoside) was added to a final 
concentration of l.OmM to induce production of GST fusion protein, and culture was grown 
an additional 1 hour. All fbllowir^ steps, inchiding centiifligation, were perfbrmed on ice or 
at Bacteria were collected by centrifugation (4500 g) and resuspended in Buffer A- 
(50mM Tris, pH 8.0, 50mM dextrose, ImM EDTA, 200uM phenyhnethylsulfonylfluoride). 

25 An equal volume of Buffer A+ (Buffer A-, 4rag/ml lysozyme) was added and incubated on ice 
for 3 min to iyse bacttaia, or until lysis had begun, An equal volume of Buffer B (lOmM Tris, 
pH 8.0, 50mM KCl. ImM EDTA. 0.5% Tween-20, 0.5%.NP40 (a.k.a. IGEPAL CA-630), 
200uM phenylmethylsulfenylfluoride) was added and incubated far an additional 20 min on 
ice. The bacterial cell lysate was centrifuged (x20,000g), and supernatant was run over a 

30 column containmg 20ml Sephaiose CL-4B (Pharmacia) "precolumn beads," i.e., sepharose 
beads without conjugated glutathione that h^ been previously washed with 3 bed volumes 
PBS. The flow-through was added to glutathione Sephaiose 4B (Phaimacia, catno. 17-0765- 
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01) ptBviously swelled (idrydrated) iu IXphosphate-buHaced saline (FBS) and incubated while 
lutating for SOmiii-lhr. The aupesmataut-Sephaiose slurry was poured into a oolTjam and 
washed with at least 20 bed volumes of IX PBS. GST fiisicra protein was eluted off the 
glutathione sqiharose by applying 0.5-1.0 ml aliquots of SnoM glutathione and csollected as 
5 separate firactions. Concentiations of fiaotions were detenniaedby readhig absorbance at 
280iini and calcidatbg concaitratiDn using the absorbanoe and extinction ooefficient. Hose 
- factions containing ibs highest conceniration of fusion protein were pooled and an eqiml 
volume of 70% glycsol was added to a final concentration of 35% glycerol. Fusion proteins 
were assayed for size and qiahty by SDS gel electrophoresis (PAGE) as described in 
10 '"Sanibroolc." Fusion protdn aliquots were stored at minus SO°C and at rQintis20°C. 

B. IdemtLfication of Candidate PL Proteins and SynftigSiP of Peptides 

Certain PDZ domains are bound by the C-terramal residues of PDZ-binding 
proteins. To identify PL protdns the C-tenninal resides of sequences weae visually inspected 
for sequences that one might predict would bind to PDZ-domain containing proteins (see, e.g., 
■. 15 Doyle el al, 1996, Cell 85, 1067; Songyang et al., 1997, Science 275, 73), including the 
additional consenses for PLs identified at Arbor Vita Corporation (TABLE 8, and data not 
shown). TABLE 8 lists some of these proteins, and provides corresponding C-temiinal 
. sequences and GenBank accession numbers. 

Synthetic peptides of defined sequence (e.g., corresponding to the carboxyl- 
20 termini of the indicated proteins) can be synthesi2;ed by any standard resin-based method (see, 
e.g., U. S. Pat. No. 4,108,846; see also, Caruthers et al., 1980, JVwc/ejc Acids Res. Symp. Ser., 
215-223; Horn et al., 1980, NtMeic Acids Res. Symp. Ser,, 225-232; Roberge, et al., 1995, 
Science 269:202). The peptides used in the assays described herein were prepared by the 
FMOC (see, e.g., Guy and Fields, 1997, Melh. Enz. 289:67-83; Weilings and Atheiton, 1997, 
25 Metk £772,289:44-67). In some cases (e.g., for use in the A and G assays of the iiwention), 
peptides wei*e labeled with biotin at the araino-terminus by reaction with a four-fold excess of 
biotin methyl ester in dimetliylsulfoxide with a catalytic amouTit of base. The peptides were 
cleaved from the resin vising a halide containing acid (e.g. triflnoroacetic acid) in the presence 
of appropriate antioxidants (e.g, sthanedithiol) and excess solvent lyophilized. 
30 Following lyopMlizatioii, peptides can be redissolved and purified by reverse 

phase high performance liquid chromatography (HPLC).- One appropriate HPLC solvent 
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system involves a Vydac C-18 semi-preparative colunm ruimiiig at 5 mL per minute with 
increasing quantities of acetonitrile plus 0.1% trifluoroacetic acid in a base solvent of water 
plus 0.1% trifluoroacetic add. After HPLC purification, the identities of the peptides are 
confiiTued by MALDI cation-mode mass spectroinetry. As noted, exemplary biotinylated 
5 peptides are provided in TABLE 8, 

C. Detecting PDZ-PL Interactioiifi 

The present inventors were able in part to ideaitiQr the interactions sinnmarized 
in TABLE 7 and TABLE 12 by developii^ new high throughput screening assays which, are 

1 0 described in gi-eatar detail in&a. Various other assay formats known in the art can be used to 
select ligands that ane specifically reactive with a particular protan. For example, solid-phase 
EUSA immunoassays, immunoprecipitation, Biaoore, and Western blot assays can be used to 
identify peptides that specifically bind PDZ-domain polypeptides. As discussed si^ra, two 
differait, complemoitaiy asMys were developed to detect PDZ-PL interactions. In each, one 

15 binding partner ofaPDZ-PL pair is immobilized, and the ability of the second binding partner 
to bind is deterrained. Tliese assays, which are described ir^a, can be readily used to screen 
for hundreds to tliousand of potential PDZ-ligand interactions in a few hours. Thus these 
assays can b e used to identify yet more novel PDZ-PL interactions in hematopoietic cells. In 
addition, they can be used to identify antagonists of PDZ-PL interactions (see infra). 

20 In some assays, fusion proteins are used in the assays and devices of the 

invention. Methods for constmcfting and eixpressing fusion proteins are well known. Fusion 
proteins generally are described in Ausubel et al., supra, Kroll et al., 1993, DNA Cell. Biol. 
12:441, and Imai et al., 1997, Cell 91 :521-30. Usually, the fiision protein includes a domain 
to facilitate immobilization of the protein to a solid substrate ("an immobilization domain")- 

25 Often, the immobilization domain includes an epitope tag (i,e., a sequence recognized by an 
antibody, typically a monoclonal antibody) such as polyMstidine (Bush et al, 1991, J. Biol 
Ckem 266:13811-14), SEAP (Berger et al, 1988, Gene 66:1-10), or Ml and M2 flag (see, e.g, 
U.S. Pat. Nos. 5.011,912; 4,851,341; 4,703,004; 4,782,137). In an embodiment, liie 
immobilization domain is a GST coding region. It will be recognized that, in addition to the 

30 PDZ-domain and the particular residues bound by an immobilized antibody, protein A, or 
otherwise contacted mth ths surfece, the protein (e.g., fusion protein), will contain additional 
residues, in some, embodiments these are residues naturally associated with the PDZ-domain 
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in aparticularPDZ-protein) but fliey caa include residues of synthetic (e.g., poly(aIaiiine)) 
or heterologous origiiL (e.g., spaceors of; e.g., helween 10 and 300 lesidues). 

PDZ domauHsontaining polyp^tide used ia these methods are typically made 
by (I) constroctiiig a vector (e.g., plasmid, phage or phagemid) comprising a polynucleotide 
5 sequence encoding the desired polypeptide, (2) introducing the vector into an suitable 
expression system (e.g., a prokaryotic, inaect,.inanimaKan, or cell fiee easpression system), (3) 
. e^qiressing the fusion protein and (4) optionally punning the fusion protein. 

Generally, expression of the protein comprises inserting the codirg sequence 
into an a|)propriate ejcpression vector {i,e,, a vector that contaias the necessary elements for the 
1 0 hanscription and translation of the inserted coding sequence required for the expression systsai 
employed, e.g., control elements including enhancers, projnoters, transcription terminators, 
origins of replication, a suitable initiadion codon (e.g., methionine), open reading fiame, and 
translational regulatory signals (e,g., a ribosome binding site, a termination codon and a 
polyadfinylation sequence. Depending on the vector system and host utilized, any number of 
1 5 suitable transcription and transilafion elements, including consftitutive and inducible promoters, 
can be used. 

The coding sequence of the fiisdon protein includes a PDZ domain and an 
iimnobilization domain as deflcribed elsewhere herein. Polyiracleotides encoding the amino 
acid sequence for each domain can be obtained in a variety of ways known in the art; typically 

20 the polymcleotides are obtained by PGR amplification of cloned plaamids, cDNA libraries, and 
cDNA generated by reverse transcription of RNA, using primers designed based on sequences 
determined by the practitioner or, more often, publicly available (e.g., through GenBank), The 
primers include linker regions (e.g., sequences including restriction sites) to facilitate cloning 
and manipulation in production of the fiisiou construct The polynucleotides corresponding to 

25 the PDZ and immobilization regions are joined in-frame to produce flie fiision protein-encoding 
sequence. 

The fiision proteins can be expressed as secreted proteuis (e.g,, by including the 
signal sequence encoding DNA in the fiision gene; sea, e.g., Lui et al, 1993, PNAS USA, 
90:8957-61) or as nonsecreted proteins. 
30 hi certain assays, the PDZ-containing proteins are immobilized on a solid 

sur&ce. The substrate to which flie polypeptide is bound can have any of a variety of forms, 
e.g., a micarotiter dish, a test tube, a dq)stick, a microcentrifuge tube, a bead, a spirmabie disk, 
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and the like. Suitable materials include glass, plastic {e.g., polyefhyiens, PVC, polyprcfpylene, 
polystyrenej and the like), protein, paper, carbohydrate, lipip monolayer or supported lipid 
bilayer, and other solid supports. Other materials that can be employed include ceramics, 
metals, metalioids, semiconductive materials, cements and the like. 
5 la other assays, flie fusion proteins are organized as an array. The term "array," 

as used herein, refers to an ordered arrangemiont of immobilized fiision. proteins, in which 
particular difEarcnt &sion proteins (Le., having different PDZ domains) arc located at different 
predetermined sites on the substrate. Because the location of particular fiision proteins on the 
array is known, binding at that location can be correlated with binding to the PDZ domain 

10 situated at that location. Immobilization of fusdon proteins on beads (individually or in groups) 
is another particularly nseSal approach. In some instances, individual ^fusion proteins are 
immobilizal on beads. In one embodiment, mixtures of distinguishable beads are used. 
Distinguishable beads are beads that can be separated ftom each other on the basis of a property 
sucih as size, magnetic property, color (e.g.. Using FACS) oi- affinity tag (c.g., a bead coated 

1 5 with protein A can be separstted fiom a bead not coated with protein A by using IgG affinity 
methods). Binding to particular PDZ domain can be determined; similarly, the effect of test 
compounds (i.e., agonists and antagonists of bindiug) can be determined. 

Methods for immobilizdng protems are known, and include covalent and non- 
covalent metliods. One suitable immobilization mediod is antibody-mediated immobilization. 

20 According to this method, an antibody specific for die sequence of an "unmobilization 
domain" of the PDZ-domain containing protein is itself immobilized on the subsliate (e.g., by 
adsorption). One advantage of this approach is lhat a smgle antibody can be adhered to the 
substrate and used for iamiobili2a[tion of a number of polypeptides (sharing tiie same 
immobilization domain). For example, an immobilization domain consisting of poly-Mstidine 

25 (Bush et al, 1991, J. Biol Chem 266:1381 1-14) can bebound by an anti-histidine monoclonal 
antibody (R&D Systems, Minneapolis, MN); au immobilization domain consisting of secreted 
alkaline phosphatase fSEAP") OBerger et al, 1988, Gene 66: 1-10) can be bound by aQd:-SEAP 
(Sigma Chemical Company, St. Louisi, MO); an inanobilizatujn domain consisting of a FLAG 
qpitope can be bound by antt-FLAG. Other ligand-antiligaQd immobilization methods are also 

30 suitable (e.g., an immobilization domain consisting of protein A sequences (Eai'low aiod Lane, 
1988, Antibodies A Laboratory Manual, Cold Spring Harbor Laboratory; Sigma Chemical Co., 
St Louis, MO) can be bound by. IgG; and m immobilization domain consisting of streptavidin 
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can be bound by biotin (Harlo?/ & Lme, stipra; Sigma Chemical Co., St. Louis, MO). la a 
pieferred embodiment, the immobilizatioii domain is a GST moiety, as described herein: 

When antibody-mediated iixxmobilization methods aie used, glass and plastic 
are especially useful substrates. The substrates can be printed with a hydrophobic (e.g., Teflon.) 
5 mask to form wells. Preprinted glass slides with 3, 10 and 21 wells per 14.5 om^ slide 
"working area" are available from, e.g., SPI Supplies, West Chester, PA; also see U.S. Pat, No. 
4,01 1^50). In certain applicatioiis, a large format (12.4 cm x 8.3 can) glass slide is printed in 
a 96 well format is used; this foimat fitdlita^ Qie use of automated liquid handling equipment 
and irtilization of 96 well format plate readers of various types (fluorescent, coiorimetric, 

10 scintillation). However, Mgher densities can be used (e.g., more than 10 or 100 polypeptides 
per cm^). See, e.g., MacBeath et al, 2000, Sdevce 289:1760-63. 

Typically, antibodies are bound to substrates (e,g., glass substrates) by 
adsorption. Suitable adsorption conditions are well known in the art and include incubation 
of 0.5-50ug/ml (e.g., 10 ug/ml) mAb in buffer (e.g., PBS, or 50 to 300 mM Tris, MOPS, 

15 HEPES, PIPES, acetate buffers, pHs 6.5 to 8, at 4°C) to 37°C and from Ihr to more than 24 
hours. 

Protdns can be covaleatly bound or nonoovalently attached through nonspecific • 
bonding. If covalent bonding between the fusion protein and the surface is desired, the surface 
wiU usually be polyftmctional or be capable of beiiigpolyfLiuctionaiized. Functional groups 
20 which can be present on the surface and used for linking can include carboxylic acids, 
alddiydcs, amino groups, cyano groups, efhylenic groups, hydroxylgroi^, mercapto groups 
and the hke. The manner of linking a wide variety of compounds to various sui&ces is well 
known and is amply illustrated in the literature. 

25 "A Assav" Detection of PpZ-L iaand BindinP TTsiny TTmnobilized PL Peptide. 

In this particular assay, biotinylaied candidate PL pcptidra are immobilized on 
an avidin-coated surface. Hie binding of PDZ-domain fuaon protein to this surface is ftien 
measured. Iti certain assays, the PDZ-domain fusion, protein is a GST/PDZ fiision protein and 
the assay is canied out aa follows: . . 

30 

(1) Avidin is bound to a surface, e.g. a protein binding surfece. In one 
embodiment, avidin is bound to a polystyrene 96 well plate (e.g., Nunc Polysorb (cat #475094) 
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by addition of 100 uL per well of 20 ug/mL of avidin (Pierce) in phosphate buffered saline 
without calcium and magnesium, pH 7.4 CPBS", GibcoBRL) at 4°C for 12 howH. The plate 
is thcai treated to block nonspecific interaclions by addition of 200 uL per well of PBS 
oontaining 2 g per 100 mL protease-ftee bovine ssrLon albumin C'PBS/BSA") for 2 hours at 
5 4°C. The plate is feen washed 3 times with PBS by repeatedly adding 2(H) uL per well of PBS 
to each well of the> plate and then dumping the contents of the plate into a waste container and 
tapping the plate gently on a diy snrace. 

(2) Biotinylated PL peptides (or candidate PL peptides, e.g., see TABLE 
10 8)areinmobilizedon1hesaKfaceofwellsoftheplatebyadditionof50uLpBi-weillof0.4iM 

peptide in PBS/BSA for 30 minutes at 4''C. Usually, each differeirt peptide is added to at least 
eight different wells so that multiple measurements (e.g. duplicates and also measurements 
usmg different (GST/PDZ-domain fusion proteins and a GST alone negative control) can be 
made, and also additional negative control wells are prepared in which no pq>tide is 
15 .immobilized. Following inmobilizationoflhe PL peptide on the surface, the plate is washed 
3 times with PBS. 

(3) GST/PDZ-domain fiision protein ^nrepared as described svprd) is 
allowed to react with the surface by addition of 50 uL per well of a solution cotHaining 5 ug/mL 

20 GST/PDZ-domain fusion protein m PBS/BSA &r 2 hours at 4°C:. As a negative control, GST 
alone (i.e. not a fusion protein) is added to specified wells, generally at least 2 wells (i.e. 
duplicate measurements) for each immobilized peptide. After the 2 hour reaction, the plate is 
washed 3 times with PBS to remove unbound fusion protein, 

25 (4) The binding of the GST/PDZ-domain fusion protean to the avidin- 

biotinylated peptide surfece can be detected using a variety of methods, and detectors known 
■ in the art. hi one assay fbamat, 50 uL per weU of an anti-GST antibodty in PBS/BSA (e.g. 2.5 
' ugtaiL of polyclonal goat-anti-GST antibody. Pierce) is added to the plate and allowed to react 
for 20 minutes at 4°C. The plate is washed 3 times with PBS and a second, detectebly labeled 
30 antibody is added. In aaother assay, 50 uL per well of 2.5 ugAniL of horseradish peroxidase 
(HEP)-conjugated polyclonal rabbit anti-goat immunoglobulin antibody is added to the plate 
and allowed to react for 20 minutes at 4°C. The plate is washed 5 times with 50 mM Tris pH 
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8.0 containing 0.2% Tweaa 20, and developed by addition of 100 per well of HRP-sobistrate 
solution (TMB, Oafco) fi)r20 nunutes atioom temperature (RT). The reaction of HkERP and 
its substrate is tenninated by the addition of 1 00 uL pea: well of IM sul&ric acdd and the optical 
dansity (O.D.) of each well of Qie plate is read at 450 nm. 

■5 

(5) Specific binding of a PL peptide and a PD2-doa3ain- polypeptide is 
detected by conqwiring the signal ferai the well(s) in which the PL peptide and PDZ domain 
polypeptide are combined "with the background sdgn^s). The badcground signal is the signal 
found in the negative controls. Topically a speciiSc or selective reaction will be at least twice 

10 background signal, more typically more fliari 5 times backgi'ound, and most typically 10 or 
more times the background signal. In addition, a statistically significant i-eaction will involve 
multipie measurements of the reaction with the signal and the backgTowid difiedi^ by at least 
tvTO siandaid errors, more typically four standard errois, and most typically six or more 
standard errors. Correspondingly, a statistical test (e.g. a T-test) comparing repeated 

15 ■ . measuianents of flie signal wifli repeated measuremeats of the background will result in a p- 
value < 0.05, more typically a p-valne < 0.0 1, and most typicaEy a p-value < 0,001 or less. 

As noted, in an embodiment of the "A" assay, the signal fioni binding of a 
GST/PDZ-domain fiision protem to an avidin surface not e^qiosed to Oi.e. not covered witli) the 
PL peptide is one suitable negative control (sometimes refetred to as "B"). The signal fi-om 

20 binding of GST polypeptide alone not a fiision protdn) to an avidin-coated sorface that has 
been exposed to (i.e, covered witii) tiie PL peptide is a second suitable negative control 
(sometimes referred to as "B2"). Because all measurements are done in multiples (Le, at least 
duplicate) the aiiflunetic mean (or, equivdcatly, average) of several rne^rements is used in 
detemuning the binding, and the standard error of the mean is used in determining the probable 

25 error in the measurement of the binding. The standard en»r of the mean of N measurements 
equals tlie squai'e root of the following; the sum of the squares of the differunce between each 
measurement and the mean, divided by the product of (N) and (N-1) . Thus, in some assays, 
specific bmding of the PDZ protein to the plate-bound PL peptide is determined by comparing 
the mean signal ("mean S") and standard error of the signal C'SE") for a particular PL-PDZ 

30 combination vnUi the mean Bl and/or mean B2. 
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Pomaia Fusion Polypeptide 

In ofher assays, a GST/PDZ fusion protein is immobilizied on a surface ("G" 
assay). The binding of IabeledPLp^tide(e.g^ as liatedinTiSUBLE 8) to this surface is thai 
measured. Typically, the assay is cairied out as follows: 

5 

(1) A PDZ-domain polypeptide is bonnd to a surface, e.g. a protein binding 
. surface. In a preferred embodiment, a GST/PDZ fusion protein contaiim 
domaiiis is bound to a polystyrene 96-well plate. The GST/PDZ fiision paxrteiE cm. be bound 
to the plate by any of a variety of standard methods known to one of sldll in the art, alfhoxigh 
1 0 some care must be talcen. that the process of binding the fusion protein to the plate does not altear 
the ligand-binding properties ofthePDZ domain. In some instances, the GST/PDZ fusion 
protein is bound via an anti-GST antibody that is coated onto the 96-well plate Adequate 
binding to fbe plate can be achieved when: 

a. 100 iiL per well of 5 ug/xnL goat anti-GST polyclonal antibody 
15 (Piarce) in PBS is added to a polystyrene 96-we31 plate (e.g., Nimc Polysorb) at 4''C for 12 

hours- 

b. The plate is blocked by addition of200uL per well of PBS/BSA 

for2hoursat4'*C. 

c The plate is washed 3 times with PBS. 
20 d. 50 uL per well of 5 MghaL GST/PDZ fusion protein) or, as a 

negative control, GST polypeptide alone (Le, not a fiision protein) in PBS/BSA is added to ths 
plate for 2 hours at 4°C. 

6. The plate is again washed 3 tunes with PBS. 

25 (2) Biotinylated PL peptides are allowed to react with flis surface by 

addition of 50 uL per well of 20 uM solution of the biotinylated peptide in PBS/BSA for 10 
minutes at 4''C, followed by an additional 20 minute incubation at 25°C. The plate is washed 
3 times with ice cold PBS. 

30 (3) The binding ofthe biotinylated peptide to the GST/PDZ fusion protem 

surfece can be detected using a variety of methods and detectore known to one of skill in the 
art. In some assays, 100 uL per well of 0.5 ug&oL streptavidinJIiorse radish peroxidase (HRP) 
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conjiigate dissolved in. BS A/PBS is added and allowed to react fbr 20 mbutes at 4''C. The plate 
is then washed 5 times wifli 50 mM Tris pH 8.0 contaitdng 0.2% Tweea 20, and develt^ by 
addition of 100 uL par well of HRP-substrate solution (TMB, Dako) fbr 20 minutes at room 
temperature (RT). The reaction of the HBP and its substrate is terminated by addition of 100 
5 uL pa: well of IM sul&ric acid, aad the absorbance of each -well of the plate is read at 45Qi](ra. 

(4) Specific binding of a PL peptide and a PDZ domain polypeptide is 
determined by comparing the signal fiom the well(s) b which the PL peptide and PDZ domain 
polypeptide are combined, with tlie background signal(s). The background signal is the signal 

1 0 found in the negative control(s). Typically a specific or selective reaction will be at least twice 
backgtouad signal, more typically more than 5 times background, and most typically 10 or 
more times Gie background signal. In addition, a statistically significant reaction will involve 
multiple measurements of the reaction witli the signal and the badcground diSisiring by at least 
two standard errors, more typically four standar d errors, and most typically six or more 

15 standard errors. Correspondingly, a statistical test (e.g. a T-test) comparing repeated 
; measurements of Ifae signal Willi -repeated measin-ements of the background will result in a p- 
value < 0.05, more typically a p-value < 0.01, and most typically ap-value < 0.001 or less. As 
noted, in an embodiment of tbe "Q" assay, the signal from binding of a given PL peptide to 
immobilized (surface bound) GST polypeptide alone is one suitable negative control 

20 . (sometiines refesrred to as "B 1").' Because all measurement are done in multiples (i.e. at least 
duplicate) the aiithmetic mean (or, equivalently, average.) of several measurements is used in 
determining tlie binding, and the standard error of the mean is used in determining the probable 
error in the measurement of the binding. The standard en-or of the mean of N measurements 
eqpials the square root of the following: the sum of tiie squares of the difference between each 

25 measurement and tire mean, divided by the product of (N) and (N-1). Thus, in some instances, 
specific binding of the PDZ protein to the platebound peptide is determined by comparing the 
mean signal ("mean S") axid standard error of the signal ("SE") for a particular PL-PDZ 
combination with the mean B 1 . 

"G* assay" and "G" assay" 

30 Two specific modifioations of the specific conditions described supra for the 

"G assay" can be utilized. The modified assays use lesser quantities of labeled PL peptide and 
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have slightly different biochfuiicd requirenKsiits for detecHoQ of PDZ-Iigand binding ccmpared 
to the specific assay conditions described supra. 

For convenience^ tbe assay conditions descdbed in this sectton are referred to 
as the "G' assay" and the "G" assay," with the specific conditions described in the preceding 
5 section on G assays being referred to as flie "G** assay." The "G' assay" is identical to the "G** 
assay" except at step (2) the peptide ooncaafiation is 10 uM instead of 20 uM. This results in 
' slii^y lower sensitivity ibr detection of interactions with low afSnity and/or r^d dissociation 
rate. Correspondingly, it siighUy increases flie certainty that detected inteiactions are of 
sufficient affinity and half-life to be of biobglcal importance and usefiil thBarapentic targets. 

10 The "G" assay" is identical to the "G* assay" except that at step (2) the peptide 

concaitration is 1 nM instead of 20 uM and the incubatian is perfomed for 60 minutes at 25°C 
(rather than, e.g., 10 minutes at 4°C followed by 20 minutes at 25°C). This results in lower 
sensitivity for interactions of low affinity, rapid dissociation rate, and/or affinity that is less at 
25°C than at 4°C. Interactions will have lower affinity at 25*C than at 4°C if (as we have 

15 found to be gaietally true for PDZ-Ugand binding) the reaction entropy is negative (i.e. the 
entropy of the products is less than the entropy of the reactants). In contrast, the PDZ-PL 
binding signal can be similar in die "G" assay" and the "G" assay" for interactions of slow 
association and dissociation rate, as the PDZ-PL complex will accumulate during die longer 
incubation of the "G" assay." Thus comparison of results of the "G" assay" and tbe "G" 

20 assay" can be used to estimate the relative eatropies, aithalpies, and kinetics of different PDZ- 
PL interactions. (Bntmpies and enthalpies are related to binding aCSnity by tbe equations delta 
G = RT In (Kd) = delta H - T delta S where delta G, H, and S are the reaction fi:ee energy, 
■ enthalpy, and entropy re^ectively, T is the temperature in degrees Kdvin, R is die gas 
constant, and Kd is the equilibrium dissociation constant). In particular, interactions that are 

25 detected only or much more strongly in the "G" assay" gtaeraEy have a rapid dissociation rate 
at 25°C (tl/2 < 10 minutes) and a negative reaction entropy, while ints-actions that are 
detected similarly strongly in ttie "G' ' assay" genei-aUy have a slower dissociation rate at 25*'C 
(tl/2 > 10 minutes). Rough estimation of the thermodjmamics and kinetics of PDZ-PL 
interactions (as can be achieved via comparison of results of the "G° assay" versus the "G" 

30 assay" as outlined stqfra) can be used in the design of efficient uihibitoiB of the interactions. 
For example, a small molecule inhibitor based on the chemical structure of a PL that 
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dissociates slowly fiom a giv^ PDZ domain (as evidenced by similar binding in the "G" 
assay" as in the "G" assay^ can itself dissociate slowly and thus be of high affinity. 

M this manner, variation of the temperature and duration of stq) (2) of tiic "G 
assay" can be ijsed to provide insight into tlie kinetics and themiodynmnics of the PDZ-Iigand 
5 biTiding reaction and ixito design of inliihitors of the reaction. 

Assay Variations 

As discussed stipra^ it will be appreciated that many of the steps in the above- 
described assays can be varied, for example, various substrates can be used &ir binding the PL 

10 and PD2;-cout£uning proteins; differaat types of PDZ cctntaimng fusion proteins cao be used; 
ditBa-ent labels for detecting PDZ/PL interactions can be employed; and different ways of 
detection can be used. 

The PDZ-PL detection assays can employ a variety of surfaces to bind the PL 
and FDZ-contahiing proteins. For example, a surface can be an "assay plate" which is fonned 

1 5 fiom a material (e.g. polystyrene) which optimizes adherence of ei&er the PL protein or PDZ- 
containing protein thereto. Generally, the individual wells of the assay plate will have a high 
surface area to volume ratio and therefore a suitable shape is a flat bottom weE (where tlie 
piotehis of tlie assays are adherBnt). Other surfeces include, but are not limited to, polystyrene 
or glass beads, polystyrene or glass slides, and the like. 

20 . For example, the assay plate can be a "microtiter" plate. The term "microtiter" 

plate when used herein refers to a multiwell assay plate, e.g., having between about 30 to 200 
individual welis, usually 96 wells- Alternatively, high-densily arrays can be used. Often, the 
individual wells of tihe microtiter plate will hold a maximmn volume of about 250 ul. 
Convenieatly, the assay plate is a 96 wdl polystyrene plate (such as that sold by Becton 

25. Dickiason Labware, Lincoln Park, N.J.), which allows for automation and high throughput 
screening. Otlier surfaces include polystyrene microtiter ELISA plates such as that sold by 
Nxmc Maxisorp, Inter Med, Denmark. Often, about 50 ul to 3O0 ul, moie preferably 1 00 ul to 
200 ul, of an aqueous saniple comprising bufifere suspended therein will be added to each well 
of the assay plate, 

30 The detectable labels of -flie invention can be any detectable compound or 

composition which is conjugated directly or indirectly with a molecule (such as described 
above). The label can be detectable by itself (e.g., radioisotope labels or fluorescent labels) or, 
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in the case of an enzymatio label, can catalyze a chemical alteration of a substrate compound 
or composition which is detectable. The preferred label is an enzymatic one which catalyzes 
a color change of a non-radioactive color reagent. 

Somedmes, the label is indirectly conjugated with Hie antibody. One of skill is 
5 aware of various tedmiques for indirect coigugation. For example, the antibody can be 
conjugated with biotin and any of the categories of labels mentioned above can be conjugated 
with avidin, or vice versa (see also "A" and "G" assay above). Biotin binds selectively to 
avidin and thus, Uie label can be conjugated with the antibody in this indirect maimer. See, 
Ausubel, supra, for a review of techniques involving biotin-avidin conjugation and similar 

10 assays. Alternatively, to achieve indirect coiyugation of the label witli the antibody, the 
antibody is conjugated with a small hapten (e.g. digoxin) and one of the different types of 
labels mentioned above is conjugated with an anti-haptfai antibody (e^g. antiniigoxin antibody). 
Thus, indirect conjugation of the label wiUi the antibody can be achieved. 

A^ay variations can include different washing steps. By "washing" is meant 

1 5 exposing the solid phase to an aqueous solution (usually a buffer or cell cultm-e media) in such 
a way that unbound material (e.g., non-adhertng ceUs, non-adhering capture agent, unbound 
ligand, receptor, receptor construct, cell lysate, or HRP antibody) is removed theiefeom. To 
i-educe background noise, it is convenient to include a detei^ent (e.g., Triton X) m the washing 
solution. Usually, the aqueous washing solution is decanted &om the wells of the assay plate 

20 following washing. Qmveaiently, washing can be achieved ushig an automated washing 
device. Sometimes, several washing steps (e.g., between about 1 to 10 washing steps) can be 
required. 

Various buffers can also be used in PDZ-PL detection assays. For example, 
various blocking buffers can be used to reduce assay background. The team "blocking buffer" 

25 refers to an aqueous, pH buffered solution containing at least one blocking compound which 
is able to bind to exposed siuiaces of the substrate which are not coated with a PL or PDZ- 
contaroing proteia The blocking compound is normally a protein such as bovine serum 
albumin (BSA), gelartin, casein or milk powder and does not cross-react with any of the 
reagents in the assay. The block buffer is generally provided at a pH between about 7 to 7.5 

30 . and suitable buffering agents include phosphate and TRIS, 

Various eiiz^me-substrate combinatioas can also be ijtilized in detecting PDZ- 
PL interactions. Examples of enzyme-substrate combinations include, for example: 
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(i) Horseradish peroxidase (HRPO) with hydrogen peroxidase as a substrate, 
wherein fhe hydrogen peroxidase oxidizes a dye preciBsor (e.g. oifhophfiaylene diamine [OPD] 
or 3,3'^,5'4etrametiiyl benzidine hydrochloride [TMB]) (as described above). 

(ii) alkaline phosphatase (AP) with para-Nitrophsiyl phosphate as chromogenic 

5 substrate. 

(iii) p-D-galactosidase (p D-Gal) with a chromogenic substrate (e.g. p- 
mtrophenyl- p-D-galactosidase) or fluorogenic substrate 4-mi^J)iylumbeUiferyl- p-D- 
galactosidase. 

NumeroHS other ensyme-snbstrate combinations are available to those skilled 
10 in the art For a genea:al review of these, see U.S. Pat Nos. 4,275,149 and 4,3 1 8.980, both of 
which are herein Incorporated by reference. 

Further, it -will be appreciated that, althougli, for convenience, the present 
disratssiort primarily refers antagonists of PDZ-PL interactions, agonists of PDZ-PL 
interactions can be identified using the methods disclosed herein or readily ^parent variations 
15 thereof 

Vn. Results of PDZ-PL Meraction Assays 

TABLE 7 and TABLE 12, supra, shows fhe results of assays in which specific 
binding was detected using the "G'" assay described hereiiL 

20 

Vm. Measurement of PDZ-Lieaiid Bindin gr Affiritty 

The "A" and "G" assays described supra can be used to detennine the ''apparent 
afEnity" of binding of a PDZ hgaad peptide to a PDZ-domain polypeptide. Apparent affinity 
is detenuined based on the concentration of one molecule required to saturate the bmding of 
25 a second molecule (e-g., the binding of a Hgand to a receptor). Two paiticularly useful 
^proaches for quantitation of apparent affinity of PDZ-hgand binding are provided mfm. 

(1) A GST/PDZ &sion protein, as well as GST alone as a negative control, are 
bound to a surface (e.g., a 96-weIi plate) and the surface blocked and washed as described supra 
for the "G" assay. 

30 (2) 50 uL per well of a solution of biotiaylated PL peptide (s.g. as shown in 

TABLE 8) is added to the surface in increasing concentrations in PBS/BSA (e.g. at 0.1 uM, 
0.33 uM, 1 uM, 3.3 uM, 10 uM, 33 uM, and 100 uM). hi some instances, the PL peptide is 
allowed to react with the bound GST/PDZ fusion protein (as well as the GST alone negative 
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control) for 10 minutes at 4''C followed by 20 niinutes at 2S°C. The plate is washed 3 times 
with ice oold PBS to remove unboimd labeled peptide. 

(3) The binding of tiie PL peptide to the immobilized PDZ-domain polyp^tidc is 
detected as described supra for the "G" assay. 
5 (4) For each concentration of peptide, the net bindiog signal is detertnined by 

subtracting the binding of the peptide to GST alone flom the binding of the peptide to the 
GST/PDZ fusion protem. The net binding signal is theo plotted as a finootion of Ugaad 
concentration and the plot is fit (e.g. by using the Kaleidag:aph soflware padcage curve fitting 
algpiithm; Synergy Software) to the following equation, where "Signalp,gi^)" is the net binding 
1 0 signal at PL peptide concentration "[ligand] " "Kd" is the appareat afSnUy of the blading event, 
and "Saturation Binding" is a constant determined by curve fitting algorithm to optimize 
ttie fit to the expeiriinBiital data: 

Signalpig^d) = Saturation Binding x ([ligand] / ([ligand] + Kd)) 

15 For reU able application of the above equation, it is necessary that the highest 

peptide ligand concenti-ation successfully tested experiinentaUy be greater than, or at least 
similar to, tho calculated Kd (equivalently, the maximum observed binding should be similar 
to the calculated saturation binding). In cases where satis:fying the above criteria proves 
difficult, an alteomative approach (inira) can be used. 

20 Approach 2: 

(1) A fixed concentration of a PDZ-domain polypeptide and increasing 
concentrations of a labeled PL peptide (labeled with, for example, biotin or fluorescein, see 
TABLE 9 for representative peptide amino acid sequaices) are mixed together in solution and 
allowed to react. In certain assays, peptide concentrations are 0.1 uM, I uM, 10 uM, 100 uM, 

25 1 mM. In other assays, appropriate reaction times can range fiom 10 minutes to 2 days at 
teatnperatures ranging fiom 4°C to 37°C. In some instances, the identical reactioai can also be 
carried out using a non-PDZ domain-containing protein as a control (e.g., if the PDZ-domain 
polypeptide is fiision protein, fiie ftision partner can be used). 

(2) PDZ-Iigand complexes can be separated &om unbound labeled peptide 
30 using a vaiiely of methods known in the art. For example, the complexes can be separated 

using high performance size-exclusion chromatography (HPSEC, gel filtration) (Rabinowitz 
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et al., 1998, Immunity 9:699), affinity chromatogr^Iiy (e.g., using gbrtafMone Sepharose 
beads), and afSnity absorption (e.g,, by binding to an anti-GST-coated plate as described 
suprd). 

(3) The PDZ-ligand complex is detected based on presence of the label on 
5 the peptide ligand using a variety of methods and detectors known to one of skill in the art. For 

example, if the label is fluorescein and the separation is achieved i^ing HPSEC, an in-line 
fhiotescence detector can be used. The binding can also be detected as descdbed supra, for the 
G assay. 

(4) The PDZ-ligand binding signal is plotted as a function of Kgand 

1 0 concentration and tlie pbt is fiL (e.g., by using the Kaleidagraph software package curve 
fitting algorithm) to the following equation, where "SignalfUg^ " is the binding signal at PL 
peptide concentration "[Ugamd],'* "Kd" is the apparent affinity of the binding 
event, and "Saturation Binding" is a constant determined by the curve fitting algorithm to 
optimize the fit to the experimental data: 

15 

Signalpjg^] = Sataratilon Binding x ([3igand] / {[ligand + Kd]) 

Measurement of the afBnity of a labeled peptide ligand binding to a PDZ- 
20 domain polypeptide is useM because knowledge of the affinity (or appai-ent affinity) of this 
■interaction allows rational design of inhibitors of the interaclion with Imown potency. The 
potency of inhibitors in inhibition would be similar to (Le., within one^order of magnitude of> 
the apparent affinity of the labeled peptide ligand binding to the PDZ-domahi. 

Thus, one method of detenniiiing the apparent afBnity of binding between a 
25 PDZ domain and a ligand involves immobilizing a polypeptide comprismg \k& PDZ domain 
and a non-PDZ domain car a surface, contacting the immobilized polypeptide with a plurality 
of different concentrations of tie ligand, determining the amount of binding of the ligand to the 
immobilized polypeptide at each of the concentrations of ligand, and calculating the apparent 
affinity of the binding based on that data. Typically, the poli^eptide comprising the PDZ 
30 domaui and a non-PDZ domain is a fusion protein. In some instances, tlie e.g., fxision protein 
is GST-PDZ fijsion protein, but other polypeptides can also be used (e.g., a fusion protein 
including a PDZ domaia and any of a variety of epitope tags, biotinylation signals and the like), ' 
so long as the polypeptide can be immobdlized in an orientation that does not abolish the ligand 
binding properties of the PDZ domain, e.g., by tethering the polypeptide to the surface via tiie 
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non-PDZ domain via ah anti-doniam antibody and leaving the PDZ domain as the fiee end. 
It was discovered, for e!xanq>le, reacting a PDZ-GST fiision poljpeptide directly to a plastic 
plate provided suboptimal results. The calculation of binding affimty itself can be detenninsd 
using any suitable eqiration (e.g., as show supra; also see Cantor and Schimmel (1980) 
5 Biophysical CHEMrs-niY WH n?eeinan & Co., San Francisco) or software. 

Thus, in certain methods, the polypeptide is immobilized by binding the 
polypeptide to an immobilized immunoglobnlin 3iat binds the non-FDZ domain (e.g., an anti- 
GST antibody whea a GST-PDZ fiision polypeptide is used), Bn some instances, the step of 
contacting the ligand and PDZ-domain polypeptide is earned out imder the conditions provided 

10 st^ra in the description of the "G" assay. It will be appreciated that binding assays are 
conveniently carried out innmltiwellplatcs (e.g., 24-well, 96-welI plates, or 384 well plates). 

The present method has considerable advantages over other methods for 
measuring binding affinities PDZ-PL affinities, which typically involve contacting varying 
oonoentrations of a GST-PDZ fiision protein to a ligand-coaled sur&ce. For example, some 

15 preTnLonsly described methods fbr detennining affmity (e.g., using immobilized ligand and • 
GST-PDZ protein in solution) did not account for oligomerization state of the fusion protedns 
used, resulting in potential errors of more than an order of magnitude. 

Although not sufBcient for quantitative measurement of PDZ-PL binding 
affmity, an estimate of the relative strength of bindhig of different PDZ-PL pairs can be made 

20 based on the absolute magaitude of the signals observed in the "G assay." This estimate 
reflects several fectors, including biologically relevant aspects of flie interaction, including the 
afSnity and the dissociation rate; For compansons of diEferent ligands binding to a given PDZ 
domain-containing protein, dififerences in absolute binding signal likely relate primarily to the 
afSniiy and/ or dissociation rate of the interactions of interest. 

25 

IX, Assays to Identify Novel PDZ Domain Binding Moietias and to IdisntifV Modulator of 

PDZ Protem-PL Protein Binding 

Although described supra primarily iii temis of idcntifyiag interactions b6t\veen- 
PDZ-domain polypeptides and PL proteins, the assays described supra and other assays can 
30 also b e used to identi^ the binding of other molecules (e.g., peptide miinetics, small molecules, 
and the like) to PDZ domain sequences. For exatnple, using the assays disclosed herein, 
combinatorial and otiiea- libraries of compounds can be screened, e.g., for molecules that 
specifically bind to PDZ domains. Screening of libraries can be accomplished by any of a 
62 
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variety of commonly known meihods. See, e.g., the following references, wMch disclose 
screening of peptids libraries: Pannley and Smith, 1989, Adv. Ebip. Med. Biol. 251215-218; 
Soott and Smith, 1990, Science 249:38&'390; Fow&es et aL, 1992; BioTet^mques 13:422-427; 
Oldenburg et al, 1992, Proc Natl Acad. ScL USA 89:5393-5397; Yu et al., 1994, Cdl 76:933- 
5 945; Staudt et al., 1988, Science 241 :577-580; Bock et al, 1992, Nature 355:564-566; Tusik ■ 
et al, 1992, Proc. Natl Acad. ScL USA 89:6988-6992; Bmagtxm et al., 1992, Nature 355:850- 
852; U.S. PatentNo. 5,096,815, U.S. PateotNo. 5,223,409, andUJS. PatentNo. 5,198,346, 
all to Ladner ot aL; Robar and Pato, 1993, Stde}tce 263:671-673; and PCT Publication No. 
WO 94/18318. 

10 In certain assays, screening can be carried out by contacting the library 

membera with a PD2^omaiii polypeptide immobiliTied on a sfolid support (e.g. as described 
supra in the "G" assay) and harvesting those library members that bind to the protein. ■ 
Examples of such screening methods, termed "pamung" techniques are described by way of 
exainple in Paimley and Smith, 1988, Gene 73:305-318; Powlkes et al., 1992, BioTechniques 

15 13:422-427; PCTPnbUcationNo.. WO 94/18318; andinreferemocscitfidhereinabove. 

In other assays, the two-hybrid system for selecting interacting pi-oteins in yeast 
(Fields and Song, 1989, Nature 340:245-246; Chien et al., 1991, Proc. Natl Acad. Sci. USA 
88:9578-9582) is used to idtaiti^ molecules that speciBcally bind to a PDZ domain-containing 
protein. Furihermore, the identified molecules ai-e further tested for their ability to inhibit 

20 transmanbrane receptor interactions wilii a PDZ domain. 

In one aspect of the invention, antagonists of an interaction between a PDZ 
protein and a PL protein are identified. In one embodiment, a modification of the "A" assay 
described supra is used to identify antagonists. In one eanbodimeot, a modification of the "G" 
assay described supra is used to identify antagonists. 

25 Screening assays such as tliese can be used to detect molecules that specifically 

bind to PDZ domains. Such molecules are useful as agonists or antagonists of PDZ-proteiu- 
mediated ceU function (e.g., cell activation, e.g., T cell activation, vesicle transport, cj^tokine 
release, growth factors, transcriptional changes, cytoskeleton rearrangement, cell movement, 
chemotaxis, and the like). Thus assays to detect molecules that specifically bind to PDZ 

30 domain-contaimrs proteins are provided For examples recombinant cells expressing PDZ 
domain-encoding nucleic acids can be used to produce PDZ domains in these assays and to 
screen for molecules that bind to the domaios. Molecules are contacted with the PDZ domain 
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(or firagment tbereof) under conditions conducive to binding, and tiien molecules that 
specifically bind to such domains are identified. Methods that can be used to cany out the 
foregoing are commonly known in the art. 

It win be appreciated by the ordiaarily skalled practitionesr that, in some assaj^s, 
5 antagonists are identrScd by conducting the A or G assays in the presence and absence of a 
Icnovm or candidate antagonist. When decreased binding is observed in the presence of a 
compound, that compound is identified as an antagonist. Increased binding in the presence of 
a compound signifies that the compound is an agonist. 

For example, in one assay, a test compound can be identified as an inhibitor 
1 0 ■ (antagonist) of binding between a PDZ protein and a PL protein by contacting a PDZ domain 
polypeptide and a PL peptide in the presence and absence of the test oompouud, under 
conditions in which they would (but for Hie presence of the test compotmd) form a complex, 
and detecting the formation of the complex in the presence and absence of the test compound. 
It will be appreciated that less complex formation in the presence of the test compound than 
15 in the absence of the compound indicates that the test compound is an inhibitor of a PDZ 
protein -PL protdba binding. 

In certain ass^s, flie "G" assay is used in the presence or absence of a candidate 
inliibitor. In one anbodimsnt, the "A" assay is used in the presence or absence of a candidate 
inhibitor. 

20 in other assays (in which a G assay is used), one or more PDZ domain- 

containing GST-fusion proteins are bound to the surface of wells of a 96-well plate as described 
stg>ra (with appropriate contiola including nonfusion GST protein). All fosion proteins are 
bound in multiple wells so that appropriate controls and statistical analysis can be done. A test 
compound in BSA/PBS (typically at multiple different cooceaitratioiis) is added to wells. 
. 25 ImmedialTsly thereaftffl:, 30 uL of a detectably labeled (e,g, biotinylated) peptide known to bind 
to the relevant PDZ domain (see, e.g., TABLE 7 anil TABLE 12) is added in each of flie wells 
at a final concentration of, e.g., between about 2 uM and about 40 uM, typically 5 uM, 1 5 uM, 
or 25 uM. This mixture is then allowed to react with the PDZ fiision protein hound to the 
surface for 1 0 minutes at 4°C followed by 20 minutes at 25°C. The surface is w^hed free of 

30 unboundpeptide three times with ice cold PBS and the amount ofbindingoftie peptide in the 
presence and absence of the test compound is detenaiined. Usually, the level of binding is 
measured for each set of replica wells (ag, di^Iicates) by subtracting the mean GST alone 
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background from the mean of the raw measurera.eat of peptide binding in these wells. 

In certain assays, the A assay is canded out in the presence or absence of a test 
candidate to identify inhibitors of PL-PDZ interactions. 

In some approaches, a test compound is determined to be a specific inhibitor of 
'5 tte binding of the PDZ domain (P) and a PL (L) sequence when, at a test compoimd 
' concenttation of less than or equal to 1 mM (e.g., less than or equal to: 500 iiM, 100 uM, 10 
uM, 1 uM, 1 00 nM or 1 nM), the binding ofP to L in the presence of the test compound is less 
than about 50% of the bindii^ inthe absence of the test compound (in various embodiments, 
less than about 25%, less than about 10%, or less than about 1%). Preferably, the net signal 
10 of binding of P to L in the presencie bf the test compound plus six (6) times the standard error 
of the signal in the presence of liie test compound is less than the binding signal in the absence 
bf the test compound. 

In one appi-oach, assays for an inhibitor are camed out using a eir^e PDZ 
protein-PL protein pair (e.g., a PDZ domain fiision protein and a PL peptide). In a related 
■15 ■ approach, the assays are canied out using a plurality of pairs, such as a plurality of different 
pairs Usted in TABLE 7 or TABLE 12. 

In some instances, it is desirable to identiiy compounds that, at a given 
concentration, mhibit the binding of one PL-PDZ pah-, but do not inhibit (or inhibit to a lesser 
degree) the binding of a specified second PL-PDZ pail. These antagonists can be idcaitified by 
20 canylng oat a secies of as^ys using a candidate inhibitor and different PL-PDZ pairs (e.g., as 
shovm HI the matrix of TABLE 7 or TABLE 1 2) and compadng the results of the assays. AU 
such pairwise combinations are contemplated (e.g., test conqround inhibits binding of PL, to 
PDZ, to a greatei- degree than it inhibits binding of PL, to PDZ^ or PLj to PDZj), Inqjortantly, 
it will be appreciated that, based on the data provided in TABLE 7 and TABLE 12 and 
25 disclosed elsehwere herein (and additional data that can be- generated using the methods 
described herein) inhibitors with diffemit specificities can readily be designed 

For example, lire Ki C^otency") of an inhibitor of a PDZ-PL interaction can be 
determined . Ki is a measure of the concentration of an inhibitor required to have a biological 
eflfeot For example, administration of an inhibitor of a PDZ-PL interaction in an amount 
30 sufiBcient to result in an intracellular mhibitor concentration of at least between about 1 and 
about 100 Ej is expected to inhibit the biological response mediated by the target PDZ-PL 
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interaction. The Kd measureraait of PDZ-PL binding as deteiminBd using flie mefliods supra 
cssx be used in dfiteminiijg Ri. 

Thus, certain metiiDds of determining the potency (Ki) of an inhibitor or 
susgpected inhibitor of binding between a PDZ domain and a ligaiid involve inraiobilisdng a 
5 polypeptide comprising the PDZ domain and a tion-PDZ domain on a sujfeoe, contacting the 
inmiobilized polypeptide with a plurality of different mixturas of the ligand and inhibitor, 
wherein the different mixtures comprise a fmed amount of ligand and different concentrations 
of the inhibitor, detennirring the amount of ligand bound at the different concentrations of 
inhibitoff, and calculating the Ki of the binding based on the amount of ligand bound in the 

10 presence of different concentrations of -flie inhibitor. Jn some instances, the polypeptide is 
inunobilized by binding the polypeptide to an immobilized immimoglobulin that binds the non- 
■ PDZ domain. This method, which is based on the "G" assay described stqrra, is particularly 
suited for high-throughput analysis of the Ki for inhibitors of PDZ-ligand interactions. Further, 
using this method, flie inhibitioa of die PDZ-ligand mteraction itself is measured, without 

1 5 distortion of measin-emaits by avidity effects. 

Typically, a± least a portion of the lipnd is detectably labeled to psmit easy 
quantitation of ligand binding. 

It will be appreciated that the concentration of ligand and concentrations of 
inhibitor are .selected to allow meaningfhl detection of inhibition. Thus, the concentration of 

20 the ligmid whose bindii^ is to be blocked is close to or less than its binding afjRnity (e.g., in 
oHier instances less than the 5x Kd of die interaction, in other instances less than 2x ICd, and 
in still oilier instances less than Ix Kd). Thus, the Ugaad is typically present at a concentration 
of less than 2 Kd (e.g., betwean about 0.01 Kd and about 2 Kd) and the concentrations of the 
test inhibitor typically range from 1 nM to 100 uM (e.g. a 4-fold dihition series with highrat 

25 concentration 10 uM or 1 niM). In aprefereed embodiment, the Kd is detaraained using the 
assay disclosed supra. 

Tlie Ki of ihe binding can be calculated by any of a variety of methods routinely 
used in the art, based on the amount of ligand bound in. the presemce of different concentrations 
of the inhibitor. In an illustrative embodiment, for example, a plot of labeled ligand binding 

3 0 versus inhibitor concentration is fit to the equation ; 

S,^,«„ = S/Ki/([I]+Ki) 
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whtetB Si„,,jbitor is the signal of labded Egand binding to immobilized PDZ domam in the 
pi!^»ce of iDhibitDr at concentration [J] and So is the signal in the absence of inhibitor (i,e,, 
[I]'"©). TypicaflyjlJiseixpiisssedasamolarconcOTrtratioii. 

In certain methods, an entiancer (sometinies le&med to as, augmetitor or 
5 agonist) of binding between a PDZ domain and a ligaud is identified by immobiUzing a 
polypeptide comprising the PDZ domain and anon-PDZ dooiain on a surfecei contacting the 
immobilized polypeptide with tiie ligand in the presence of a test agent and detetmiiang the 
amount of ligand bound, and comgparing the amount of ligand bound inliie jaesence of the test 
agent with the amount of ligand bound by tlie polypeptide in tihe absence of the test agent. At 

1 0 , least two-fold (often at least 5-fold) greater binding in the presence of the test agent compared 
to the absence of the test agent indicates that the test ageait is an agent that enhances the binding 
of the PDZ domain to the ligand. As noted supra, agents that enhance PDZ-ligamd interactions 
are useful for disruption (dysregolation) of biological events requiring normal PDZ-ligand 
function (e.g., cancer cell division aM metastasis, and activation and migration of immune 

15 cells). 

■Dae "potency" or "K^^' of an enhancer of a PDZ- ligand interaction can also 
be determined. For example, the 1^,^^ of an enhancer' of a PDZ-PL interaction can be 
detemiined, e.g., using the Kd of PDZ-PL binding as determined using the methods described 
supra. Kjntarcer is a measure of the concentratiDn of an enhancer expected to have a biological 
. 20 effect. For example, administration of an enhancer of a PDZ-PL interaction in m amount . 
sufficient to result in an itrtracellular inhibitor concentration of at least between about 0, 1 and 
about 100 Ka,haB5„ (e-g., between about 0.5 and about 50 K,„„a,J is expected to disnipt the 
biological response mediated by the target PDZ-PL interaction. 

Thus, in one aspect flie invention provides a melhod of determining the potency 
25 Q^amst) of enhances: or suspected enhancer of binding between a PDZ domain and a ligand 
by immobilizing a polypeptide comprising the PDZ domain and a non-PDZ domain on a 
surfk;e, contacting the immobilized polypeptide with a plurality of different mixtures of the 
ligand and enhancer, wherdn the different nnxtures comprise a fixed amount of ligand, at lea^ 
a portion of which is detectably labeled, and different concentrations of the enhancer, 
30 determining the amount of ligand bound at the diflferent concentrations of mhancer, and 
calculating the potency QUaiianai^ °f enhancer from the bindbg based on the amomt of 
ligand bound in the presence of different concentrations of the enhancer. Typically, at least a 
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pottion of the ligaad is detet^ ably labeled to pemiit ea^y quantitation of ligand binding. This 
method, which is based on the "G" assay described supra, is particuiarly suited for high- 
fhroughput analysis of the K^aj,^ for cnhanccts of PDZ-iigaad interactions. 

It will be appreciated that the concentiation of ligand and concentrations of 
5 enhancer are selected to allow meaningfal detection of enhanced binding, Tims, the ligand is 
typically present at a ooncentration of between about 0.01 Kd and about 0.5 Kd and the 
concentrations of the test agent/eaihancer typically range firom 1 nM to 1 nM (e.g. a 4-fold 
diluiioii series with highest ooncentratwn 10 uM or 1 hiM). to a preferred embodimeni^ the Kd 
is determined using the ^say disclosed szgjra. 

10 . The potency of the binding can be determined by a variety of standard methods 

based on the amount of ligand boamf in the presence of different concentrations of the ehhancei- 
. or augmentor. For example, a plot of labeled ligand binding veisus eahaucer concentration can 
be fit to the equation: 

S([E]) = S(0) + {S(0)*(D„„„„^-1)*[E]/([E]+ 

15 where is the potency of the augmenting compound, and '*Do,ih,^" is the fbldr-inorease 

in binding of the labeled ligand obtained with addition of saturating amoimla of the enhancing 
compound, [E] is tlie cancentrdtion of the enhancer. It will be understood that saturating 
amounts are the amount of enhancer such that Xiirther addition does not sigaificantly increase 
the binding signal.. Knowledge of "K,d,„„" is useM because it describes a ccncentistion of 

20 the augmentmg compound in a target cdl that will result in a biological effect due to 
dysr^alalion of die PDZ-PL intesraction. Tj^pical therapeutic concentrations arc between about 
0.1 and about 100 Ka,ta„„- 

X. Identification of Phaimaceutical Compounds that Inhibit PDZ-PL ttoteins 
25 For certain of the PDZ proteins and PL proteins shown to bind together and 

&s wMch Kd values had been obtained, additional testing was conducted to destermine 
whether certain phannaceutical compounds would act to antagonize or agonize the 
interactions. Assays were conducted as for the G' assay described supra both in the 
presence and absence of test compound, except that 50 ul of a 10 uM solution of the 
30 biotinylated PL peptide is allowed to react with the surface bearing the PDZ-domain 
polypeptide instead of a 20 uM solution as specified in step (2) of the assay. 

Results &om such studies are shown in TABLES and lOA and lOB. In 
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boUi tables, the fiist column (left to light) entitled '*PDZ domain" lists the gene name of 
GST-PDZ domain fusion (see TABLE 9). Entdes having two mnnbeis separated by a slash 
indicate which PDZ domain was utilized. For example, in TABLE IQA, the entry for ZO-3 
is 1/3. This means that PDZ datnain 1 of 3 was used. 
5 Ilie second colunm labeled "PL" indicates the iiameofthe PDZ ligand (see 

TABLES lOA and IQB) interacting with the PDZ domain. The third column entitled 
"Drug" lists the common or trade name of pharmaceutical compomid tested and found to 
modulate tlie specific PDZ-PL interaction (suppliers and diemical information are listed in 
TABLE 1 1). The jBnal column with the heading "Change in OD" indicates the change in 

1 0 absorbance at 450 mn of the assay in the absence (first number) or presence (second 
number) of chemical compound. 

TABLE 11 provides the generic Esnd commercial names for the compounds 
tested, as well as the Sigma Chemical Company catalog number. The molecular weight is 
listed in grams/mole. Hie final column in TABLE 11 lists 200 times the therapeutic dose 

15 as lisisd in the Physicians Desk Reference and is listed in mg/tol. Stock solutions were 
made fresh at these concentrations and used in the assay at 1 0 times the therapeutic dose. 

XI. Global Analysis of PDZ-PL Interactions 

Certain analyses involve determining the affinity for a particular ligand and a 

20 plurality of PDZ proteins. Typically the phirality is at least 5, and often at least 25, or at least 
40 different PDZ proteins. In certain analyses, the plurality of different PDZ proteins are fiom 
apardcnlar tissue (e.g., central nervous system, spleen, cardiac muscle, kidney) or a particular 
class or type of cell, (e.g., a hematopoietic ceil, a lymphocyte, a neuron) and flie like. In some 
instances, the plurality of different PDZ protcabas represeids a substantial fraction (e.g., typically 

25 a maj ority , more often at least 80%) of all of the PDZ proteins known to be, or suspected of 
being, expressed in the tissue or cell(s), e.g., all of the PDZ proteins known to be present in 
. lymphocytes. For examplei, in some analyses, ttie plurality is at least 50%, usually at least 80%, 
at least 90% or all of the PDZ proteins disclosed herein as being expressed in hematopoietio 
cells. 

30 The binding of a ligand to the plurality of PDZ proteins is determined in scane 

analyses. Using this method, it is possible to identify a particular PDZ domain bound with 
particular specificity by the ligand. The binding can be designated as "specific" if the afSnity 
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of the ligaad to the particular PDZ domain is at least 2-fold that of the binding to other PDZ 
domains in the plurality (e.g., present in that cell type) . The bindmg is deemed "very specific" 
ifthe affinity is at least lO-foldliigherthanto anyotherPDZinthepliiiaKlyor, altErnatively, 
at least 10-fold higher than to at least 90%, more often 95% of the othearPDZs in a defined 
5 pluxiility, SLtnilarly, the binding is deemed "exceedingly specific" if it is at least 100-fold 
higjier. For example, a ligand could bind to 2 different PDZs with an afiBLdty of 1 uM and to 
no oflMsr PDZs out of a set 40 -wifti an aESnify of less than 100 tiM. This would constitute 
specific binding to those 2 PDZs. Similar measures of specificity are used to describe binding 
of a PDZ to a plurality of PLs. 

10 It will be recognized that high specificity PDZ-PL interactions generally 

represent potentially more valuable targets for achieving a desuBd biological effect. The ability 
of an inhibitor or enhancer to act with high specificity is ofteai desirable. In particular, 1lie most 
specific PDZ-ligand interactions are also the best therapeutic targets, allowing specific 
inhibition of the iDteraction. 

1 5 Identifying a high specificity iioteraction between a particular PDZ domain and 

a ligajid known or suspected of binding at Isist one PDZ domain can be achieved \vith various 
methods. Certain methods involve providing a plurality of different immobilized polypeptides, 
each of said polypeptides comprisii^ a PDZ domain and a non-PDZ domain; detcrniining the 
affinity of the Hgand tor each of said polypeptides, and comparing the affinity of binding of the 

20 ligand to each of said polypeptides, wherein an interaction between the ligand and a particular 
PDZ domain is deemed to liave high specificity when liie ligand binds an immobilized 
pol3T)6ptide comprisij^^g the particular PDZ domain with at least 2-fold higgler affinity than to 
immobilized polypeptides not comprising the particular PDZ domain. 

In related methods, the aJOEimty of binding of a specific PDZ domain to a 

25 plurality of ligands (or suspected ligands) is detsmained. For example, in one embodiment, ttie 
invention provides a method of identifying a high specificity inta-action betweai a PDZ 
domain and a particular ligand taiown or suspected of binding at least one PDZ domain, by 
providing an immobilized polypeptide comprising the PDZ domain and a non-PDZ domain; 
determining tlie affinity of each of aphirality of ligands for the polypeptide, and comparing the 

30 affinity of binding of each of Ihe Iigan«k to flie polypeptide, wherein an interaction betweeai a 
particular ligand and flie PDZ domain is deemed to have high specificify when the ligand binds 
an immobilized polypeptide comprising Ihe PDZ doman with at least 2-&ld higher affinity 
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than other ligands tested. Thus, the binding may be designated as "specific" if the afEkiity of 
the PDZ to the particular PL is at least 2-&ld that of the binding to other PLs in the plurality 
(e.g., piescsnt in tibiat cell type). Tlie binding is deemed "very ^ecijfic" if the afiBnily is at least 
1 0-fbld higher &an to. any other PL in tlffi plurality or, altemafiveiy, at least 10-feld higher than 
5 to at least 90%, more often 95% of the other PLs in a defined pJuiality. Similarly, the binding 
is deemed "exceedingly specific"* if it is at least 100-fold higher. Typically the plurality is at 
least 5 different ligands, more often at bast 10. 

A. Use of Array for Global Predictions 

10 The inventors have found tiiat valuable information can be ascertained by 

analysis (e.g,, simultaneous analysis) of a large number of PDZ-PL interactions. Certain 
analyses encompass all of the PDZ protdm ex|Hessed in a particular tissue (e.g., spleen) or type 
or class of cell (e.g., hematopoietic cell, neuron, lymphocyte, B cell, T cell and the like). 
Altematively, the analysis encompasses at least about 5, or at least about 10, qt at least about 

15 12, or at least about 15 and often at least 50 different polypeptides, vtp to about 60, about 80, 
■ about 100, about 150, about 200, or even more differ^t polypeptides; or asubstantial ftaction 
(e.g., typically a majority, more oltei at least 80%) of all of the PDZ protdns known to be, or 
suspected of being, expressed in the tissue or cell(s), e,g., all of the PDZ proteins known to be 
present in lymphocytes, 

20 ; It will be recognized that the arrays and methods described herein are dii-ected 

to the analysis of PDZ and PL intaractionB, and involve selection of such proteins for analysis. 
Wbile the devices and methods disclosed herein can include or involve a small number of 
control polypeptides, they typically do not include significant nombets of proteins or fiision 
proteins that do not include either PDZ or PL domains (e.g., typically, at least about 90% of 

25 the arrayed or immobilized polypeptides in a method or device of Ihe invention is a PDZ or PL 
sequence protein, more often at least about 95%, or at least about 99%). 

It will be apparent from this disclosure Ihat analysis of the relatively large 
mimber of different interactions preferably takes place simultaneously. In this context, 
"siimdtaneously" means that the analysis of several difibrent PDZ-PL interactions (or the effect 

30. of a test agent on such interactions) is assessed at the same time, TypicaHy tbe analysis is 
carried out in a high throu^put (e.g.,' robotic) fashion. One advantage of this method of 
sinmltaneous analysis is that it pennits rigorous compaiison of multiple different PDZ-PL 
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interactions. For escainple, as eacplained in detail els ewhere herein, simultaneous analysis (and 
use of the arrays described infrcii faolitat^j for example, the direct comparison of the effect 
of an agent (e.g., aa potentiai interaction inhibitor) on the interacjtions bctwecaa a substantial 
portion of PDZs and/or PLa in a tissue or cdl. 
5 AccorditigLy, an aitay of hnmobilizsd polypeptide comprising the FDZ domain 

and a non-PDZ domain a surface can be utilized in binding analyses. Typically, the array 
comprises at least about 5, or at least about 10, or at least about 12, or at least about 15 and 
often at least 50 different polypeptides, hot one preferred embodiment, the different PDZ 
proteins are from a particular tissue (e.g., central nen'ous system, spleen, cardiac muscle, 

1 0 kidney) oar a particular class or type of cell, (e.g., a hematopoietic cell, a lyn^phocyte, a neuron) 
and the like, in a mtst pieferrod embodiment, the plurality of different PDZ pioteins rtspresents 
a substantial fraction (e.g., typically a majority, more often at least 60%, 70% or 80%) of ail 
of the PDZ proteins known to be, or suspected of being, ejcpressed in the tissue or cell(s), e.g., 
all of the PDZ protems known to be present in lymphocytes. 

15 Certain arrays include a pluraKty, usually at least 5, 10, 25, 50 PDZ proteins 

present in a particular cell of interest. In this contejct, "anray" refers to an ordered series of 
immobilized polypeptides in which the identity of each polypeptide is associated with its 
location. In some instances, the plurality of polypeptides are anayed in a "common" area such 
that they can be simultaneously exposed to a solution (e.g., oontafanng a ligand or test agent). 

20 For exaraple; the plurahty of polypeptides can be on a slide, plate or similar surfeoe, which can 
be plastic, glass, metal, silica, beads or other surface to which proteins can be inmiobilized. 
In other instances, the different immobilized polypeptides are situated in separate areas, such 
as different weUs of mutti-well plate (e.g., a 24-well plate, a 96-well plate, a 384 well plate; and 
the hke). It will be recoguizcd that a similar advantage can be obtained by using multiple 

25 arrays in tandem, 

B. Analysis of PDZ^PL Mubition Profile 

Some methods inwlve detemnining if a test compound inhibits any PDZ-ligand 
interaction in large set of PDZ-ligand interaction {e.g., a plurality of the PDZ-liganda 
30 intesractions descnTjed in TABLE 7 or TABLE 12; a majority of the PDZ-ligands identified 
in a particular ceU or tissue as described supra (e.g., lymphocytes) and the lite). In one 
embodiment, the PDZ domains of intesrest are expressed as QST-PDZ fiision proteins and 
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immobilized as described herein. For each PDZ domain, a labeled Egand that binds to the 
domain with a known affmily is identified as described I]fii5^ 

For aoy loiown or suspected modulator (e.g., inhibitor) of a PDL-PL 
interactioii(s), it is useifiil to know which interactions are inhibited (or augmented). For 
5 example, an agent that inhibits a// PDZ-PL interactions in a cell (e,g., a lymphocyte) will hacve 
diflEerent vses than an agant that inhibits only one, or a small number, of specific PDZ-PL 
interactions. The profile of PDZ interactions inhibited by a particular agent is lefesred to as the 
"inhibition profile'* for the ageat; and is described in detail below. The profile of PDZ 
mteractions enhanced by a particular agent is referred to as the "enhancement profile" for the 

10 agent. It will b e readily apparent to one of skill guided by the description of Ihe inhibition 
profile how to detemune the enliancement profile for an agent. Thus, methods for determining 
the PDZ interaction (inhibition/enlianoament) profile of an agent in a single assay arejaovided. 

Certain methods involve determinmg the PDZ-PL inhibition profile of a 
coaq)omid by providing (i) a plurality of different immobilized polypeptidfis, each of said 

15 polypeptides comprismg a PDZ domam aad a non-PDZ domain and (ii) a plurality of 
corresponding ligands, wherein each ligand binds at least one PDZ domain in (i), then 
contacting each of said unmobilized polypeptides in <i) wifh a corresponding Hgand fai (ii) in 
the presence and abssice of a test compound, and detetminiog for eachpolypeptide-ligatid pair 
whether the test compound inhibits binding between the immobilized polypeptide and the 

20 corresponding ligand, 

Tj'pically the plurality is at least 5, and often at least 25, or at least 40 different 
PDZ proteins. In certain analyses, the pluraHty of different Hgands and the plurality of different 
PDZ proteins are &am the same tissue or apartioular class or type of cell, e.g., a hematopoietic 
cell, a lymphocyte, a neuron and the lilce. hi some instances, the plxirality of different PDZs 

25 represents a sub^tial fraction (e.g., at least 80%) of all of the PDZs known to be, or 
suspected of being, expressed in the tissue or cell(s), e.g., all of the PDZs known to be presetit 
m lymphocytes (for exatc^le, at least 80%, at least 90% or all of the PDZs disclosed herein as 
beiug expressed in hematopoietic cells). 

In certain instances, the inhibition profile is detemiined as foHows: A plurality 

30 (e.g,, all known) PDZ domains expressed in a cell (e.g., lymphocytes) are expressed as GST- 
■fiision proteins and immobilized without altering their ligand binding propedies as described 
stq>ra. For each PDZ domain, a labeled Hgand that binds to this domain with a known affinity 
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is ideantified. If the m of PDZ domains ejqpressed in Ijanphocytes is denoted by {PI. . Jn}, any 
given PDZ domain Pi blBds a (Tabeled) ligand li.with affinity Kji. To detennioe the iohibiticfDi 
profile for a test agent "oofflpound5C' file "C* assay (jwjsm) canbeperfonaed as follows in 96- 
wellplates with rows A-H and columns 1-12. Colunm l is coated wiHi PI aad washed, The 
5 corresponding ligand LI is added to each washed coated well of colunm 1 at a ocmcentration 
0.5 Kjl with (jows B, D, P, H) orwithout (rows A, C, E, ¥) between about I and about 1000 
TiM) of test compound X. Colmnn 2 is coated with P2, and 12 (at a concentration 0.5 K^2) is 
added with or without inhibitor X. Additional PDZ domaiis and ligands are similarly tested. 

Coin|)omidX is codsidered to inhibit the binding of Li to H if the average signal 
10 in the wells of column i containing X is less than half the signal in tlie equivalent wells of the 
column lacking X. Thus, in this smgle assay one detenniues the fiill set of lymphocyte FDZs 
that are inhibited by compound X. 

In some embodimaits, the test compound X is a mixture of compounds, such 
as the product of a combinatorial chemistry synthesis as descaibed supra. In some 
1 5 embodiments, ^ test conqioimd is laiown to have a demed biological eflbct, and the assay is 
used to determine the mechanism of action (i.e., if the biological effect is due to modulating 
a PDZ-PL interaction). 

It will be apparent that an agent that modulates only one, or a few PDZ-PL 
intcnactions, in a panel (eg., a panel of all known PDZs lymphocytes, a panel of at least 1 0, at 
20 least 20 or at least 50 PDZ domains) is a more specific modulator than an agent Uiat modulate 
many or most interactions. Typically, an agent that modulates less than 20% of PDZ domains 
in a panel (e.g,, TABLE 7 or TABLE 12) is deemed a "specific" inihibitor, less than 6% a "veary 
specific" inhibitor, and a single PDZ domain a "maximally specific" inhibitor. 

It will also be appreciated that "compound X" can be a composition containing 
: 25 mixture of compounds (e.g., genarated using combinatorial chemistry methods) rather than a 
single compound. 

Several vaiiations of this assay can be utilized; 

In some assays, the assay above is performed using varying conoentrations of 
the teat compovmd X, ralher than fixed conceartration. This allows determination of the Ki of 
30 the X for each PDZ as described above. 

In oflier assays, instead of pairing each PDZ Pi with a specific labeled ligand Li, 
a mixtuiB of diSerent labeled Ugaads is created that such that for every PDZ at least one of the 
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Kgands in the mixture binds to this PDZ sufficieatiy to defect the binding m the "CT assay. 
This mixture is fhm used for every PDZ domain. 

In some ini^aiiceSj coiiipoiind X is known to have a desired biological e^ec^ but 
the Gfaeniioal meohanism. by which' it has that effect is unknown. The assays of the iavention 
5 can then be used to determine if compound X has its effect by binding to a PDZ domain. 

In certain assays, PDZ-domain containing proteins are classified in to groups 
based on their biological fltnction, e.g. into those that regulate chemotaxis versus liiose that 
legnlate transcription. An optunal inhibitor of a particular fimctioa (eg., including but not 
limited to an anti-chemotactic agent, an anti^-T cell af^ation agent, cell-cycle control, vesicle 

1 0 transport, apoptosis, etc.) will inhibit nniltiple PDZ-ligand interactions involved in flie function 
(e,g,, chemotaxis, activation) but few other interactions. Thus, the assay is used in one 
embodiment in screening and design of a drug tliat specifically blocks a particular function. 
For example, an ^eait designed to block chemotaxis might be identified because, at a giveai 
coQcaitration, ttie agent inhibits 2 or more PDZs involved in chemotaxis but fewer than 3 other 

15 PDZs, Of that inhibits PDZs involved in chemotaxis with a Ki > 10-fbId bt^ear than for other 
PDZs. Thus, methods caube designed to idmtify an agent that inhibits a first selected PDZ-PL 
interaction or plurality of interactions, while not inhibiting a second selected PDZ-PL 
interaction or plurality of interactions. The two (or more) sets of interactions can be selected 
on the basis of the known biological fimction of the PDZ pnateins, the tissue speciScity of the 

20 PDZ proteins, or any other criteria. Moreover, the assay can be used to determine effective 
doses (i.e., drug concentrations) that result in desired biological efGscts while avoiding 
undesirable effects. 

C. Side Effects of PDZ-PL Modulator InteiractiQns 

25 Methods can also be conducted to deteonine likely side effects of a ther8|)eutic 

that inhibits PDZ-ligand interactions. Such methods entail identifying thcwe target tissues, 
organs or cell types fliat express PDZ proteins and Uganda tibat are disrupted by a specified 
inhibitor. If, at a ther^eutic dosage, a dmg intended to have an effect in one organ system 
(e.g., hematopoistic system) disrupts PDZ-PL interactions in a different system (ag., CNS) it 

30 can be predicted that the drag will have effects C'side cfiects") on liie second system. It will 
be apparent that the information obtained &om this assay will be useful in the rational design 
and selection of dings that do not have the side-effect 
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In certain methods, for example, a ccjnqirehaisive PDZ protein set is obtained. 
A "perfectly comprehensive" PDZ protsin set is defined as the set of all PDZ proteins 
expressed ia the subject animal (e.g., humans), A comprehensive set can be obtained by 
analysis of, for examplSi the human genome sequence. However, a '^perfectly comprdiensivtf ' 
5 set is not required and any reasonably large set of PDZ domain proteins (e.g., the set of all 
known PDZ proteins; ot the set listed in TABLE 9) will provide valuable information. 

Thus, soQie methods involve some of all of the ibllowing steps: 

a) For each PDZ protein, determine the tissues in wMch it is highly 
expressed. TMs can be done expearimentally, altiiou^ the information generally will be 

10 available in the scientific literature; 

b) For each PDZ protein (or as many as possible), identify the cognate 
PL(s) bound by tbe PDZ protein; 

c) Detdmine the Ki at which the test agent inhibits each PDZ-PL 
interaction, using the methods described si^prc; 

15 d) From this Mcamation it is possible to calculate the pattern of PDZ-PL 

interactions disrupted at various concentrations of the test agent. 

By correlating the set of PDZ-PL interactions disrupted with the expression pattern of flie 
members of that set, it will be possible to identify the tissues likely affected by the agent, 

Additional steps can also be carried out, including deiBrmdning whether a 
20 specified tissue or cell type is exposed to an agent following a particular route of 
administi'ation. This can be detenmned using basis phaimaookmetic methods and principles. 

D, Modulation of Activities 

The PDZ binding moieties and PDZ protein -PL protein binding antagonists of 
25 the invention are used to modulate biological activities or ftmctions of cells (e.g,, hemalopoietic 
cells, such as T cells and B cells aad the like), endothehal cellSj and other immune system cells, 
as described herein, and for trealinent of diseases and conditions in human and nonhuman 
animals (e-g., experimental models). Exemplary biological activities are listed supra. 

When administered to paliente, the compounds idsaitified utilizing the methods 
30 described herein (e.g., PL-PDZ interaction inhibitors) are useful for treating (ameliorating 
symptoms of) a variety of diseases and conditions, including diseases characterized by 
inflnrnmai niy and humoral immunc responses, e.g., inflammation, allergy (e.g., syst^c 
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anaphylaxis, hypeisensitivity responses, drug all^gies, insect sting allergies; inflatnmataiy 
bowel diseases, ulcerative coaitis, ileitis and enteritis; psoiiasis and inflanimatory deimatoses, 
scleiodenna; respiratory allergic diseases such as as&ma, allergic itinitis, hypersensitiyity lung 
diseases, and the like vasculitifi, th incompatibility, transfusion reactians, drug sensitivities, 
3 PIK, atopic dermatitis, eczema, rhinniti^ autoimmime diseases;, such as arthritis (rheumatoid 
and psoriatic), multiple sclerosis, systemic lupus erythematosus^ insulin-dependent diabetes, 
glomerulonephritis, scleroderma, MCTD, IDDM, Hashimoto fliyroidifis,. Goodpasture 
syndrome, psoriasis and the like, osteoarthritis, polyarthritis, graft rejection {e.g., allograft 
rejection, e.g., renal allograft rejection, gtaft-vs-hoat disease, transplantation rejection (cardiac, 

10 kidney, lung, liver, small bowel, cornea, pancreas, cadaver, autologous, bone marrow, 
xenotransplantation)), athe3rosclerosis> angiogenesis-dependent disordei's, cancea-s (e.g., 
inelanomas and breast cancer, prostrate cancer, ]eukemias, lymphomas, rnetastatio disease), 
infedious diseases (e.g., viral infection, such as HTV, measles, parainfluenza, virus-mediated 
coll fnsion,), ischemia (e.g., post-myocardial inferction complicatioEns, joint injury, kidney, 

15 Bclerodorma). 

B. Aerpnists and Ant^onists of PDZ-PL Interactions 

As described herein, interactions between PDZ proteins and PL proteins in ceils 
(e.g., hematopoietic cells, e.g., T cells and B ceDs) can be disrupted or inhibited by the 

20 ■ administration o f inhibitors or antagonists. Inhibitors can be identified using screening assa}^ 
described herein. In some instances, the motifs disclosed herein are used to desi^ inhibitors. 
In other instances, the antagonists of the invention have a stmcfaire (e.g., peptide sequence) 
based on the C-terminal residues of PL-domain proteios listed m TABLE 8. hi some 
embodiments, the antagonists have a structure (e.g.j peptide sequence) based on a PL motif 

25 displosed herein. 

The PDZ/PL antagonists and antagonists can be any of a laig^ variety of 
compounds, both naturally occurring and synthetic, organic and inorganic, and including 
polymers (e.g., ohgopeptides, polypeptides, oligonucleotides, and polynucleotides), small 
molecules, antibodies, sugai-s, fatty acids, nucleotides and nucleotide analogs, analogs of 

30 naturally occurring structures (e.g., peptide mimetics, nucleic acid analogs, and die hke), and 
numeacoiK other compoimds. Alfiiough, for convenience^ the present discussion primarily refers 
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antagonists of PDZ-PL inteaactions, it will be lecognized fliat PDZ-PL interactioii agonists can 
also be use in the methods discJoscd herciiL 

Li one aspect, the peptides and peptide mtmetics or analogues of the uiventiou 
contam an amino add sequence that binds a PDZ domain in a cell of intetest. In one 
5 enjbodiment, the antagonists comprise a peptide that has a sequence corresponding to the 
catboxy-teminal sequence of a PL piDtein listed in TABLE S, e.g., a peptide listed TABLE 
8, Typically, the peptide comprises at l^st the C-teiminal two (3), three (3) or four (4) residues 
of the PL protein, and oftan the inhibitory peptide comprises more than four residues (e.g„ at 
least five, six, seven, eight, nine, ten, twelve or fifteen residues) from the PL protein C- 
. 10 tenninus. 

In some instances, the inhibitor is a peptide, e.g., having a sequence of a PL C- 
temunal protein sequence. 

In some embodiments, the antagonist is a fusion protein compiising such a 
sequence. Fusion proteins containing a transmembrane transporter amino add sequence are 
15 particularly useful. 

In other instances, the inhibitor is conserved variant of the PL C-terminal 
protein sequence having inhibitory activity. 

In some embodiments, the antagonist is a peptide mimetic of a PL C-terminal 

sequaice. 

20 Iq some embodiments, the inhibitor is a small molecule {i.e., having a molecular 

weiglit less than 1 kD). 

F. Peptide Antagonists 

Certain antagonists comprise a peptide that has a sequence of a PL protein 
caiboxy-tenninus listed in TABLE 8. The peptide comprises at least the C-tenninal two (2) 

25 residues of the PL protein, and typically, the inhibitory peptide comprises more than two 
residues (e.g, at least three, four, five, six, seven, eight, nine, ten, twelve or fifteen residues) 
from the PL protein C-terminus, The peptide can be any of a variety of lengths (e.g., at least 
2, at least 3, at least 4, at least 5, at least 6, at least 8, at least 10, or at least 20 residues) and can 
contain additional residues not from the PL protein. It will be recognized that short PL 

30 peptides are sometime used in the rational design of other small molecules with similar 
properties. 

Although most often, the residues shared by the inhibitory peptide with the PL 
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proteia are found at the C-fBnninus of the peptide. However, in some embodimeols, the 
sequence is iaitemaL Siroilariy, in some cases, the inMbitory p^de comprises residues from 
a PL sequence fJiat is near, but not at the oteiminus of a PL protein {see. Gee et al., 1 998, / 
Biological Cfiem. 273:21980-87). 
5 Sometime die PL protein carboxy-teiminus sequence is referred to as Ihe "core 

PDZ motif sequence" referring to the ability of the short sequence to interact with the PDZ 
domain. For example, in an embodiment, the "core PDZ motif sequeaoei" containfi the last four 
C-terminus amino acids. As desodbed above, the four amino acid core of a PDZ motif 
sequence can contain additional amino acids at its anrbio terminus to further increase its 

10 bindiag affinity and/or stabiHty. Thus, in one embodiniait, the PDZ motif sequence peptide 
can be from four amino acids up to 15 amino acids. It is preferred that the length of the 
sequHucB to be 6-10 amino acids. More preferably, the PDZ motif sequence contains 8 amino 
acids. Additional amino acids at the amino terminal end of the core sequence can be derived 
ftom the natural sequence in each hematopoietic cell sur&ce receptor or a sjnthetic Knker. The 

1 5 additional amino acids can also be conservatively substituted. When the third residue from the 
C-testminus is S, T or Y, this residue can be phosphorylated prior to the use of the peptide. • 
The peptide and noxqjeptide inhibitors can be small, e.g., fewer flian ten amino 
add residues in lei^th if a peptide. Further, it is reported that a limited number of ligfuid amino 
acids directly contact the PDZ tlomain (generally less than eight) (Kozlov et al., 2000, 

20 Biocheaaaistrj' 39, 2572; Doyle et al., 1996, Cell 85, 1067) and that peptides as short as the C- 
teoninal three amino acids ofim retain similar binding properties to longei' (> 1 5) amino adds 
peptides (Y anagisawa et al., 1997, J. Biol. Chem. 272, 8539). 

G, Peptide Variants 

Having identified PDZ binding peptides and PDZ-PL interaction inliibitoiy 
25 sequences, variations of these sequences can be made and the resulting peptide variants can be 
tested for PDZ domain binding or PDZ-PL inhibitoiy activity. In certain instances, the variants 
have the same or a different ability to bind a PDZ domatu as the parent peptide. Typically, 
such amino acid substitutions are conservative, i.e., the amino acid residues are replaced with 
other amino acid residues having physical and/or chemical properties similar to the residues 
30 they are replacing. Preferably, conservative amino acid substitutions are those wherein an 
amino acid is replaced with ano&er amino add encon^passed within the same designated class. 
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H. Peptide Mimetics 

Having identified PDZ binding peptides and PDZ-PL interaction ishibitojy 
sequences, peptide mimedcs can be prepared xisiog routine methods, and Ihe inhibitory activity 
of the mimetios can be confbmed using the assays of the invention. Thus, certain antagonists 
5 are a peptide mimetic of a PL C-termbial sequence, The skilled artisan will recognize that 
individual synthetic residues and polypeptides incorporating mimetics can be synthesized using 
a vaiiety of piocedures and methodologies, which are well described in the scientific and patait 
literature, e.g. , Organic Syntheses Collective Volumes, Gilman et al. (Eds) John Wiley & Sons, 
Inc., NY. Polypeptides incorporating mimetics can also he made using solid phase synthetic 

10 procedures, as described, e.g., by Di Maichi, et al., U.S. Pat No. 5,422,426. Mimetics of the 
invention can also be syntheazed using comhiaatorial methodologies. Various techniques for 
geGieration of peptide and peptidaraimetic hTjiaries are weU Imown, and incli^ 
tea bag, and split-couple-irdx tedhniques; see, e.g., al-Obeidi (1998) MoL Biotecbnol. 
9205-223; Hraby (1997) Curr. Opiil. Chem. Biol. 1:114-119; Ostergaard (1997) Mol. Divers. 

15 3:17-27; Ostresh (1996) Methods Enzymol. 267:220-234, 

I, Small Molecules 

In some embodiments, the inhibitor is a small molecule (i.e., havuig a molecular 
weight less than 1 kE>). Methods for screening small molecules are well known in the art and 
include those described supra. 

20 

. xn PreparatiotnofPeptite 

A. Chemical Synthesis 

Hie peptides or analogues thereof that are described herein, can be prepared 
using viitually any art-known technique for the preparation of peptides and peptide analogues. 
25 For example, the peptides can be prepared in Imear form ming conventional solutiDn or solid 
phase peptide synlheses and cleaved from the resin foUowed by purification procedures 
(Creighton, 1983, Protein Staictures And Molecular Principles, W.H. Freensan and Co., N.Y.). 
Suitable procedures for synthesizing the peptides described herein are well known in the art. 
The composition of the synthetic peptides can be confiinaed by amino acid analysis or 
30 sequencing (e.g., Ihe Edman degradation procedure and mass spectroscopy). 
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la addition, aoalogaes and dedvatives of the pq>tides can be chanically 
syat[i6Si2ye<i. Ilie linkage tjetweeaeadi amino acid of the pqitides of 11^ 
amides a substitoted amide or aa Isosteie of amide. NosQcIassioal amino acids or chemical 
amino add analogues can be introduced as a siibstitutian or addition into Ihe sequence. Non- 
S classical atfiino acids include, but are not limited to, the D-isomras of the comtnon amino acids, 
o-amino isobutyric acid, 4-aminobutyrie acid, Abu, 2-ainino butyric acid, y-Abu, s-Ahx, 
e-amino hexanoio acid, Aib, 2-aEriino isobutyric acid, 3-amino propionic acid, ornithine, 
norleucine, norvaline, hydrojcyproline, sarcosine, citrulline, cysteic acid, t-butylglycine, t- 
butylalanine, phenylglycine, cyciohexyManine, p-alanine, ftuoio-atrano adds, designer amino 
10 acids such as P-methyl amino acids, Ca-methyl amino adds, Na-methyl amino acids, and 
amino acid analogues in general. Purthennore, the amino acid can be D (dextroiotaiy) or L 
(levorotary). 

If the peptide is composed entirBly of gene-eancoded amino acids, or a portion 

15 of it is so composed, tlie peptide or the relevant portion can also be synthesized using 
conventional recombinant genetic engineering teclmiques. For recombinant production, a 
polynucleotide sequence encoding a linear form of th e peptide is inserted into an appropriate 
expression vehicle, i.e., a vector which contains the necessary elements for fee transcription and 
translation of the inserted coduig sequence, or in the case of an RNA viral vector, the necessary 

20 elements for replication and translation. The expression vehicle is then Iransfected into a 
suitable target cell which wiU express the peptide. Depending on the expression system used, 
the expressed peptide is then isolated by procedures well-established m the art. Methods for 
recombinant protein and peptide production ai-e well known in the art {see, e,g., Maniatis et al, 
1989, Moleculai- Cloning A Laboratory Manual, Cold Spring Harbor Laboratory, N.Y.; and 

25 Ausubel et al , 19S9, Current Protocols in Molecular Biology, Q:eene Publishing Associates 
and Wiley Interscience, N.Y.)- 

A variety of host-expression vector systems can be utilized to express the 
peptides described herein. These iuclude, but are not limited to, microorganisms such as 
bacteria transformed with recombinant bacteiophage DNA or plasmid DNA expression vectors 

30 containing an appropriate coding sequence; yeast or filamentous fimgi transformed with 
• recombinant yeast or fimgi expression vectors containing an appropriate coding sequence; 
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insect cell systems mfected with recombinatit virus expression vectors {e.g., baculovirus) 
CDntaiaii^ an. appropxiate coding ^uence; plant cell systems infected wilii recombinant virus 
. eaipression vectors (e.g. , cauMower mosaic virus or tobacco mosaic virus) or transformed with 
recombinant plasmid expression vectors {e.g., TiplasmidO contadniDg an appropriate coding 
5 sequence; or dnmzl cell systems. 

The escpression elements of the expression systeins vary in their stresngai and 
specificities. Depending on the host/vector system utilized, any of a number of suitable 
transcription and translation elemeEits, including constitative and inducible promoters, can be 
used in the expression vector. For example^ when cloning iti bacterial systems, inducible 

10 promoters such as pL of bacteriophage K, plac, pttp, ptac (ptrp-lac hybrid promoter) and the 
like tan be used; when cloning in insect cell systems, promoters sudi as the baculovjras 
irolyhedron promoter can be used; when cloning m plant cell systems, promoters deiived from 
the genome of plant cells (e.g., heat shock promoters; the promoter for the small subunit of 
RUBISCO; the promoter for tiie chlorophyll a/b binding pi-otein) or fiom plant viruses (e.g., 

15 the 35S RNA promoter of CaMV; the coat protein promoter of TMV) can be used; when 
. cloning in mammalian cell s]i^ems, promoters darived from the genome of mammalian cells 
(e.g.. metallothionein promoter) or from mammalian viruses (e.g., the adenovirus Me promoter, 
tiie vaccfflia virus 7.5 K promoter) can be used; when generating cell lines that contain multiple 
copies of expression product, SV40-, BPV- and EBV-based vectors can be used witii an 

20 appropriate selectable m^Icer. 

In cases where plant expression vectors are used, the expression of sequences 
encoding the peptides of tiie invention can be driven by any of a number of promoters. For 
example, viral promoters sudi as the 35S RNA aad 19S RNA promoters of CaMV (Brisson et 
al, 1984, Nature 310:511-514), or the coat protein promoter ofTMV(Takamatsuef at, 1987, 

25 EMBO J. 6:307-311) can be used; altematively, plant promoters such as Ihe small subunit of 
RUBISCO iOmxsdetal, 1984, EMBO J. 3:1671-1680; Broglieerai, 1984, Sciaice 224:838- 
843) or heat shock promoters, e-g., soybean hspl7.5-E or h5pl7.3-B (Gurley a/„ 1986, Mol. 
Cell. Biol. 6:559-565) can be used. These constructs can be introduced into planleukocytes 
using Ti plasmids, Rt plasmids, plant vims vectors, direct DNA transformation, microinjection, 

30 eleciroporation, etc. For reviews of such techniques jee, e.g., Weissbach & Weassbach, 1988, 
Methods for Plant Molecular Biology, Academic Press, NY, Section VDl, pp. 421-463; and 
Grierson & Corey, 1988, Plant Molecular Biology, 2d Ed., Blackde, London, Ch. 7-9. 
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hx one insect expression system that can be used to produce -the peptides of the 
inveantion, Autographa califomica nuclear polyhidrosis virus (AciNDPV) is used as a vector to 
express fbs foreign genes. The vhm gimyfs in. l^odopterafru^perdaceOs. A coding sequence 
can be cloned i nto non-essential regions (for example Hie polyhedron geioie) of thte virus and 
5 . placed under contnoi of an AcNDPV promoter (for example, the polyhedron promoter). 
Successful insertian of a coding sequence will result in inactivation of the poljrtiedron gene and 
production of non-occluded recombinant vims (Le., vims lacking the proteinaceous coat coded 
for by the polyhedron gene). These recombinant viruses are thai used to infect Spodoptera 
fiugiperda csUs in which the inserted gene is expressed, {e.g., see Smith et al., 1983, J. Virol. 
10 46:584; Smith, U.S. PatentNo. 4,215,051). Further examples of this expression system can 
he found in Cinrent Protocols in Molecular Biology, Vol. 2, Aneubel et al., eds., Greene 
Publish- Assoc. & Wiley Intersoience. 

In mammalian hostcells, a number of viral based eijqpression systems can be 
utilized. In cases where an adeaovirus is used as an expression vector, a coding sequence can 
15 be ligatedto an adawvims franscriplion/translation control oomplsx, ag., tiielate promoter and 
■ tripartite leader sequence. This chimeric gene can then be inserted in the adenovims genome 
by in vitro or in vivo recombination. Insertion in a non-esseniial legiofn of the viral genome 
{e,g., region El or E3) will result in a recombinant vinis tliat is viable and capable of 
expressing peptide in infected hosts. See Logan & Shaik, 1984, Proc. NatL Acad, Sci, 
20 USA 81:3655-3659). Alternatively, the vaccinia 7.5 K promoter can be used, {see, e.g., 
Mackett et al., 1982, Proc. Natl. Acad. Sci. USA 79:7415-7419; Macikett a al, 19S4, J. ViioL 
49:857-864; Panicali et al, 1982, Proc. Natl. Acad, Sci. USA 79:4927-4931). 

Othcs expression sj^tems for producing linear peptides of the irtveaition will be 
apparent to tliose having skUl in the art. 

25 Piurification of the Peptick s and Peptide Analogues 

The peptides and peptide analogues that are provided can be purified by art- 
known techniques such as high perfomiance liquid chromatography, ion exchange 
chromatography, gel electrophoresis, atiinity chromatography and the like. The actual 
conditions used to purify a particular peptide or analogue will depend, in part, on factors such 

30 as net charge, hydrophobicity, hydrophilicity, etc., and will be apparent to tiiose having skill 
■in the art. The purified peptides can be identrSed by a^ays based on their physical or 
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ftmcfional piopratias, injclnding radioactive labeJing followed by gel eJcctrophoresia, 
ladioinmimo-assays, ELISA, Woassays, and the like. 

For aSinify cboromatograpliy punfication, my antibody which specifically binds 
the peptides or peptide analogues can be used. For the pniductioa of antibodies, various host 
5 aoimak, iacluding but not limited to rabbits, mice, rats, etc., can be tmmimized by injection 
with a pe5>tide. The peptide can be attached to a suitable carria:, such as BSA or KXH, by 
means of a side chain fimctionaJ- group or linbers attached to a side chain functional group. 
Various adjuvants can be used to increase the iramioiological response, depending on the host 
species, including bat not limited to Freund's (complete and incomplete), miaeral gels such as 

10 aluminum hydroxide, surface active substances such as lysolecithin, pluronic polyols, 
. polyanions, peptides, oil pulsions; kejiole linipet heniocyanin, dinifaTophGnoI, and potentially 
useful human adjuvants such as BCG (bacilli Cahnette-Giierin) and Corynebacierhm parvum. 

Monoclonal antibodies to a p^dc can be prepared using any technique which 
provides for the production of antibody molecules by continuous cell lines m culture. These 

1 5 include but are not limited to the hybridoma technique originally described by Koehler and 
• Milstein, 1 975, Nature 256:495-497, the human B-cell hybridoma technique, Kosbor et al, 
1983, Immunology Today 4:72; Cote et al., 1983, Proc. Natl. Acad. Sci. U.S.A- 80:2026-2030 
and the EBV-hybridoma technique (Cole et al, 19S5, Monoclonal Antibodies and Cancer 
Therapy, Alan IK, Uss, Inc., pp. 77-96 (1985)). In addition, techniques developed for tlie 

20 production of "chimeric antibodies" (Morrison et al, 1984, Proc. NatL Acad. Sci. U.S.A. 
81:6851-6855; Neuberga- et al, 1984, Nature 312:604-608; Taloeda et al., 1985. Nature 
314:452-454) by splicing the genes from a mouse antibody molecule of appropriate antigen 
specificity together with genes from a human antibody molecule of appropriate biological 
activity can be used. Alteacnatively, techniques described for the production of single chain 

25 antibodies (U.S. Patent No. 4^46,778).cau be adapted to produce pqrtddenspecLEc single chahi 
antibodies. 

Antibody fta^nents which contain deletions of specific binding sites can be 
generated by known techniques. For example, such fragments inchade but are not limited to 
F(ab')i fragments, which can be produced by pepsin digestion of the antibody molecule and Fab 
30 fragments, which can be generated by reducing die disulfide bridges of the F(ab')2 fragments. 
Alternatively, Fab expression hbraries can be constructed (Huse et al, 1989, Science 
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246: 1275-1281) to allow r^id and easy ideaatijScatioii of moitodonalFab ft^ents with the 
desired specificity for the peptide of interest. 

The antibody or antibody fragment specific for the desired peptide can be 
attached, for example, to agarose, and the antibody-agarose complex is used in 
5 iinmuiiocbromatogrKphy to purify peptides of flhe invention. See, Scopes, 19S4, Protein 
PuriEcaticfn: Princq)les and Practice, Springer-VerlagNew York, Inc., NY, Livingstone, 1974, 
Methods Enzymology: IimiiimadlEbity Clkramatography of Proteins 34:723-731, 

Xm. Uses of PDZ Bomaiti Btndiag and Antagonist Componnds 

The PDZ domain-containing proteins dislcosed h«:da are involved in a number 
. i 0 of biological functions, including, but not liitiited to, vesicular trafHcking, tumor suppression, 
■ signal transduction, protein sotting, estabUsliment of membrane polarity, apoptosis, regulation 
of immune response and organization of synapse formation. In general, this family of pi'oteins 
has a common function of facilitating the assembly of multi-protein coanplexes, often serving 
as a bridge between several proteins, or regulating the fimction of otha: proteias. Additionally, 
15 as also noted supra, these proteins are found in essentially all cell types. 

Consequently, modulation of tiiese interactions can be utilized to control a wide 
variety of biological conditions and physiological conditions. In particular, modulation of 
.interactions such as those disclosed herein can be utilized to conti-oJ movement of vesicles 
within a cell, inhibition of tumor formation, as well as in the treatment of immime disorders, 
20 neurological disorders, muscular disoixiers, and intestinal disorders. 

Certain compounds which modulate binding of the PDZ proteins and PL 
proteins can be used to inhibit leukocyte activation, which is manifested in measurable events 
including but not limited to, cytokine production, cell adhesion, expansion of cell numbers, 
apoptosis and cytotoxicity. Thus, some compounds of the invention can be used to treat 
25 diverse conditions associated with undesirable leukocyte activation, nicludii^ but not limited 
to, acute and chronic inflammation, graft-versus-host disease, transplantation rejection, 
hypersensitivities and aiitomTmunity such as multiple sclerosis, rheumatoid aiHuitis, peridental 
disease, systemic lupus erythematosis, juvenile diabetes msllitis, non-insulin-dependent 
diabetes, and allergies, and otha- conditions hsted herein. 
30 More specifically, in view of the various classes the PDZ and PL proteins 

identified herein faU into (see Section TV), the compounds can be utilized to regulate biological 
flmctions involving protein kinases, guanaiyteMnases, guanine exchange fiictors, LM PDZs, 
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tyrosbe phosphatases, serine proteases, viral oncogene interacting proteins, T-cell smface 
rec^tors, B-cell surfece receptors, natural killer cell receptors, monocyte surface receptors, 
monocyte emface receptors, granulocyte surface receptors, endothelial cell surfece receptors, 
G-protein Hnked receptors, tight junction integral membrane proteins, cell adhesion molecules, 
5 neuron transport and organi2Btion molecules, regulators of G-protcin signaling, ion channels 
and transporters and tumor associated ptroteins and receptors. 

XIV. FomuMoa and Ronte of Administration 

A. Intioductioa of Agonists or Antagonists fe.g.. Peptides and Fusion Proteins) into 

Cells 

10, In certain methods, PDZ-PL antagonists are introduced into a cell to modulate 

(i.e., increase or decrease) a biological fiinction or activity of the cell. Many small organic 
molecules readily cross the cell membranes (or can be modified by one of skill using routine 
methods to increase Ihe ability of compounds to enter cells, e.g., by reducing or ehminating 
charge, increasing Kpophilicity, conjitgating thb molecule to a moiety taigetbg a cell surface 

15 receptor such that after interacting with the receptor). Methods for introducing largear 
molecules, e.g., peptides and fljsion proteins are also well known, including, e.g., injection, 
liposome-mediated ftision, application of a hydrogel, conjugation to a targeting moiety 
conjugate endocytozed by the cell, electroporation, and the like). 

In some instances, the antagonist or agent is a fl^ion polypepti^ or derivatized 

20 polypeptide. A fusion or derfvatized protein can include a targeting moiety that increases the 
ability of the polypeptide to traverse a cell membrane or causes the polypeptide to be delivered 
to a specified cell type (e.g., liver cells or tumor cells) preferentially or cell compartment (e.g., 
nuclear compartment) prcferenlially. Examples of targeting moieties include lipid tails, amino 
acid sequences such as antennapoedia peptide or a nudear localization signal (NLS; e.g., 

25 Xenopus nuclooplasmin Robbins et al., 1 991, CeU 64:61 5). 

In certain approacheds, a peptide sequence or peptide analog, determined to 
■ inhibit a PDZ domain-PL protein binding by an assay described herein, is introduced into a cell 
by linking the sequence to an amino acid sequence that facilitates its transport through the 
plasma membrane (a "teansmenArane transporter sequence"). Peptides with a desired activity 

30 can be used directly or fiased to a transmembratne transporter sequence to facilitate their entry 
into ceils. In tlie case of such a fusion peptide, each pqjtide can be fused with a heterologous 
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peptide at its amino terminiis directly or by using a flexible polySiikBr such, as the pentamer G- 
G-G-G-S repeated 1 to 3 times. Such linker has been vised in oonstnicting single chain 
antibodies (acFv) by being inserted between and V^, (Bird et aL, 1988, Science 242:423- 
426; Huston et al, 1988, Proe. Natl Acad. Sci. U.SA. 85:5979-5883). The liiilcer is designed 
5 to enable the ooirect interaction between two beta-sheets fonmng the variable region of the 
single chain antibody. Other linkers which can be used indude Ghi-Oly-Lys-Ser-Ser-Gly-Ser- 
Gly-Sar-Glu-Ser-Lys-Val-Asp (Chaudhaiy et aL, 1990, f roc NaU. Acad. Sci. U.S.A. 87:1066- 
1070) and Lys-Glu-Ser-Gly-Ser-Val-Ser-Ser-Glu-Ghi-Leu-Ala-Ghi-Phe-Arg-Ser-Leu-Asp 
(Birdetal., 1988, Science 242:423-426). 

10 A number of peptide sequences have been described in the art as capable of 

■ &cilitating the entiy of a peptide linked to tiiese sequences into a cell through the plasma 
membi-ane (Derossi et al., 1998, Trends in Ceil Biol. 8:84), For the purpose of this invention, 
such peptides are oollectively refened to as transoiembrane transporter pqttides. Examples of 
these peptide include, but are not limited to, tat derived ftom HTV (Vives et al., 1997, J. Biol 

15 .Chem. 272:16010; Nagahara et aL, 1998, Nat. Med. 4:1449), antennapedia from Drosophila 
(Derossi et aL, 1994, /. Biol. Chetii. 261:10444), VP22 ftom hapes simplex virus (BUiot an(J 
. DHare, 1997, Cell 88:223-233), complementarity-det^inimng regions (CDR) 2 Eind 3 of anti- 
DNA antibodies (Avrameas et al., 1998, Proa Natl Acad Sci. U.S.A., 95:5601-5606), 70 KDa 
heat shock protehiCFujihara, 1999, iiMBO./ 18:411-419) aDadtransportan(Poogaetal,, 1998, 

20 FASBB J. 12:67-77). In api-efeared embodiment of the invention, a hTincatedHTV tat peptide 
having liie sequence of GYGRKKRRQRRRG is used. 

It is prefeired that a transmembrane transporter sequence is Jfused to a 
hematopoietic cell surface receptor carboxyl tenninal sequesice at its amino-tennimjs with or 
without a linlcer. Generally, the C-teiminus of a PDZ motif sequence (PL sequence) must be 

25 fiiee in order to interact with a PDZ domain. The transmembrane transporter sequence can be 
used in whole or in part as long as it is capable of facilitating entry of the peptide into a cell. 

In certain methods, a hematopoietic cell surface receptor C-tenninal sequence 
can be used alone when it is delivered in a manner that allows its entry into cells in ihe absence 
of a transmembrane transporter sequence. For example, Ihe peptide can be delivered in a 

3 0 liposome formulation or using a gene therapy approach by ddivcdng a coding sequence for the 
PDZ motif alone or as a fusion molecule into a target celL 

Active corcqjounds can also be administered via liposomes, which seive to target 
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the oonjuggtea to a particular tissue, such as lymphoid tissue, or targeted sdectivBly to infected 
cells, as -Wfll as increase fli© half-life of the peptide composition. liposomes iiwliide emulsions, 
foams, micelles, ingoluble manolayeis, liquid csystais, phospiholipid disjKsrsioiis, lamellar layers 
and the like. In these preparattons the p^tide to be deliveared is inooipoiated as part of a 
. 5 liposome, alone or in conjunction with a molecule -vAadb binds to, e.g., a receptor prevalent 
among lymphoid cells, such as monoclonal antibodies which bind to the CD4S antigen, or with 
otfier thec^eutic or immunogenic compositions. Thus, liposome filled with a desired peptide 
or conjugate of the invention can be directed to the site of lymphoid cells, where the Igxjsomes 
then deliver the selected inhibitor compositions. Liposomes for use in the invention are fomied 

10 fiom standard vesicle-fonning lipids, which generally include neutral and negatively charged 
phospholipids and a sterol, such as cholesterol. The selection of lipids is generally guided by 
consideration of, e.g., liposome size, acid lability and stability of the liposomes in the blood 
stream. A variety of methods are available for preparing liposomes, as described in, e.g., Szoka 
et al., Ann. Rev. Biophys. Bioeng. 9:467 (1980), U.S. Pat. Nos. 4^35,871, 4,501,728 and 

15 4,837,028. 

The targeting of hposomes using a variety of tai"g^ing ageats is weU Imown h 
tlie art {see, e.g., U.S. Patent Nos. 4,957,773 and 4,603,044). For targeting to Jhe immune cells, 
a ligaad to be incorporated into the liposome can include, e.g., antibodies or fragments thereof 
specific for cell surface detarmmants of the desired immune system cells. A liposome 

20 suspension containing a peptide or conjugate can be administered intravenously, locally, 
topically, etc. in a dose which varies according to, iater alia, the manner of administration, the 
conjugate being delivered, and the stage of the disease being treated. 

hi order to specifically deliver a PDZ nwtif sequence (PL sequence) peptide 
into a specific cell type, the peptide can be linked to a cell-specific targeting moiety, which 

25 include but are not limited to, ligands for diverse leukocyte surface molecules such as growth 
factors, hormones and cytokines, as well as antibodies or antigen-binding fragments thereof 
Since a large mimber of cell surface receptors have been identi:&ed m leukocytes, ligands or 
antibodies specific for these receptors can be used as cell-specific targeting moieties. For 
example, interleuldn-2, B7-1 (CDSO), B7-2 (CD86) and CD40 or peptide ftagmettis thereof can 

30 be used to specifically target activated T cells CThe Leucocyte Antigen Facts Book, 1997, 
Barclay et al. (eds.). Academic Press). CD28, CTLA^ and -CD40L or peptide fragments 
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thoeof can be used to specifically, target B cells. Fiir&.ramore, Fc domains can be used to 
target certain Fc receptor-expressing cells such as monocytes. 

Antibodies are the most versatile cell-specific targeting moieties because they 
caa be genei'ated agaiiist any cell surface antigetL Monocloual antibodies have been generated 
S against leukocyte lineage-specific markets such as c^^in CD antigens. Antibody variable 
region genes can be readily isolated from hybridoma cells by me&ods well known in the art. 
However, since antibodies are assembled between two heavy chains and two light chains, it 
is prefbined that a scFv be used as a cell-^ecific targeting moiety in tlie present invention. 
Such scFv are oon^rised of Vg and Vl domains linked into a single polypeptide chain by a 
10 flexible linlcer peptide. 

Hie PDZ motif sequence (PL sequence) can be linked to a transmembrane 
traosportev sequence and a cell-specifio targeting moi^ to produce a tri-fusian molecule. This 
molecule can bind to a leukocyte sui&ce molecule, passes thtough th^ membrane and targes 
PDZ domains. Alternatively, a PDZ motif sequence (PL sequence) can be Mnked to a cell- 
1 5 ■ specific targeting moiety that binds to a surfece molecule that intemaHzes the fusion peptide. 

In another jqjproach, nucrospheres of ailificial polymers of mixed amino acids 
(pioteinoids) have been used to dehver j^annaceuticals. For example, U.S. Pat. No. 4,925,673 
describes di-ug^x)ntaining proteinoid microsphere carriers as well as methods for thdr 
pr^aration and use. These proteinoid microspheres ai'e usefol for the deliveiy of a number of 
20 active agents. Also see, U.S. Patent Nos. .5,907,030 and 6,033,884, which are incorporated 
herein by reference. 



B. Introduction of Po;Ynw)^Pti<l6s into Cells 

By introducing gene sequences into cells, gene therapy can. be used to treat 
25 conditions in vidiich leukocytes are activated to result in deleterious conswpjences. In one 
embodiment, a polynucleotide that encodes a PL sequence peptide of the invention is 
introduced into a cell wheie it is expressed. The expressed peptide then inhibits the interaction 
of PDZ proteins and PL proteins in the cell. 

Thus, in one erabodimeot, the polypeptides of the invcsntion axe expressed in a 
30 cell by introducing a nucleic acid (eig., a DNA expression vector or mENA) encoding the 
desired protein or peptide into the cell. Expression can be either constitutive or inducible 



89 



wo 03/014303 



PCTrtJS02/24655 



depending on the vector aad choira of promoter. Methods for inftiodiicfion and expasssion of 
nucleic acids into a cell are well known in the ait and dei^snbed herein. 

In a specific etDbodimfint, nucleic acids conqurising a seqweac© encoding a 
peptide disclosed herein, ate adnunistered to a human subject. In liiis embodiment of the 
invention, the nuoldc add pocoduces its encoded product that mediates a Iherap^tic effect Any 
of the methods for gone therapy available in the art can be used according to the present 
invention. Exemplary methods are described below. 

For genoBl reviews of the methods of gene thenapy, see Goldspiel et ai., 1993, 
Clinical Phamiaoy I2:48S-505; Wu and Wu, 1991, Biother^y 3:87-95; Tolstoshev, 1993, Ann. 
Rev. PhaimacoL ToxiooL 32:573-596; Mulligan, 1993, Sciaice 260:926-932; and Morgan and 
Anderson, 1993, Ami. Rev. Biocihem. 62:191-217; May, 1993, TIBTECH 11(5):15S-215. 
Methods commonly biown in the art of xeoombiiiant DNA tcdmology which can be used are 
described in Ausubel et aL (eds.), 1993, Current Protocols in Molecular Biology, John Wiley 
& Sons, NY; and Kriegler, 1990, Gene Transfer and Expression, A Laboratory Manual, 
Stockton Press, NY. 

In a preferred embodimeait of the invention, the ther^eutic composition 
conprises a coding sequence that is part of an expression vector. In particular, such a nucleic 
acid has a promoter opei-ably linfced to the coding sequence, said promoter being inducible or 
constitutive, and, optionally, tissue-specific. In another specific embodiment, a nucleic acid 
molecule is used in which the codmg sequence and any o^her desired sequences ai'e flanlced by 
regions that promote homologous recombination at a desired site in liie genome, thus providing 
for mti-achromosomal expression of the nucleic acid (KoUa: and Smithies, 1989, Proc. Natl. 
Acad. Sci. USA 86:8932-8935; Zijistra et al., 1989, Nature 342:435-438). 

Delivery of the nucleic acid into a patient can be either direct, in which case the 
patient is directly exposed to (he nucleic add or nucleic acid-carrying vector, or indirect, in 
which case, cells are first ttansfbmied with the nucleic acid in vitro, then transplanted into the 
patient. These two approaches are known, respectively, as in vfw or ex vtvo gene therapy. 

In a specific embodiment, the nucleic acid is directly administered in vivo, 
where it is expressed to produce the encoded product. This can be accomplished by any 
methods known in the art e.g., by. constructing it as part of an appropriate nucleic acid 
expressian vector and administaing it so that it becomes intracellular, e.g.,hy infection using 
a defective or attenuated retroviral ox otho: viral vector (see U.S. Patent No. 4,980,286), by 
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direct injection of naked DNA, by use of microparticle bombardment {e.g., a gene gun; 
Biolistic, Dupont), by coating with lipids or ceil-surface rsceptots or transfecting agents, by 
enc^sulation in liposomes, microparticles, or microcapsules, by administering it in linkage to 
a peptide which is iswswii to enter the iwwleus, or by administering it in linlcage to a ligand. 
5 subject to receptor-mediated endocytosis (see e,g,> Wu and Wu, 1987, J. Biol. Chem. 262:4429- 
4432) vrtiich can be used to target cell types specifically expressing the recqptors. In another 
embodiment, a nucleic aoid-Ugand. complex can be formed in which lhB ligand comprises a 
isogenic vii-al peptide to disrupt endosomes, allowing the nucleic acid to avoid lysosomal 
degradation. In yet another embodimait, the nucleic acid caa be targeted in viw for cell 

i 0 specific uptake and expression, by targeting a spediic receptor (see, e-g., PCX Ribhcatiocs WO 
92/06180 dated April 16, 1992; WO 92/22635 dated December 23, 1992; W092j^0316 dated 
November 26. 1992; W093/14188 dated July 22, 1993; WO 93/20221 dated October 14, 
1993). Altranatively, the nucleic acid can. be introduced intracellularly and incoiporated within 
host ceU DNA fiff ej^ression, by homologous recorabinatioQ (KoUer and SmitMes, 1989, Proc 

15 Natl. Acad. Sd. USA 86:8932-8935; Zijlstta et al., 1989, Nature 342:435-438). 

In a preferred embodimeat of the invaition, adenoviruses as wal vectors can 
be used in gene therapy. Adenoviruses have the advantage of being capable of infecting non- 
dividing cells (Kozarsky and Wilson, 1993, Cun-ent Opinion in Genetics and Development 
3:499-503). Other instances of the use of adenoviruses in gene therapy can be found in 

20 Rosenfeld et aL> 1991, Science 252:431-434; Rosenfeld et al., 1992, Cell 68:143-155; and 
Mastrangeli et al., 1993, J. Clin. Invest 91:225-234. Furthermore, adenoviral vectors with 
modified tropism caa be used for cell specific, targeting (WO98/40508). Adeno-associated 
virus (AAV) has also beeai proposed for use in gesne therapy (Walsh et al., 1993, Proc. Soc, 
Exp. Biol. Med. 204:289-300). 

25 In addition, retroviral vectors (see Miller et al., 1993, Meth. Euzymol. 217:581- 

599) have been modified to delete retroviral sequences that are not necessary for packaging of 
the viral genome and integration into host cell DNA , The coding sequence to be used in gene 
therapy is cloned into the vector, wMch fecilitates delivery of the gene into a patieait More 
detail about retroviral vectors can be found in Boesen et al., 1994, Biofliarapy 6:291-302, which 

30 describes the use of a retroviral vecttw to deliver the mdrl gene to hematopoietic stem cells in 
Older to make the stem cells more resistant to chemotherapy. Other references illustraticg the 
use of retroviral vectors in gene therapy arer Clowes et al, 1994, J. Clin. Invest. 93:644-651; 
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Kiem et al., 1994, Blood 83:1467-1473; Salmons and Gunzberg. 1993, Htnnan Gene Tharapy 
4:129-141; and Passman andTOsou, 1993, Curr- Opin. in Genetics andDeveL 3:110-114. 

Another ^proaoh to gene therapy involves transferring a gene to cells in tissue 
culture. Usually, the melhod of transfer includes llie transfer of a selectable maifcer to the cells. 
5 ■ The cells aie then placed tmder selection to isolate those cells that have taken up and are 
expressing &s tnmsfsied gene. Those ceUs are then delivered to apatieait 

In this embodiment, the nucleic add is introduced into a cell prior to 
administration in vivo of the resulting recombinant cell. Such introduction can be carried out 
by any method known in the art, including but not Hrnited to transfection, eiectroporation, 

10 lipofection, microii^edion, infection with a viral or bacteriophage vector containing the imcieic 
acid sequences, cell fiision, chromosome-mediated gene ti-ansfcr, microcell-mediated gene 
transfer, spheroplast fiision, etc. Numerous techniques are known in the art for the mtroduction 
of foreign genes into cells (see e:g., LoefiElsr and Behr, 1993, Meth. Enzymol. 217:599-618; 
Cohen et al., 1993, Meth. EnaymoL 217:618-644; Cline, 1985, Pharaiac. Ther. 29:6^-92) and 

15 can be used in accordance with the present invenition, provided that the necessary 
developmental and physiological jEiuictioQS of the recipient cells are not disrupted. The 
tedhnique should provide for the stable transfei" of the nucidc acid to the cell, so that the nucleic 
acid is expressible by the cell and preferably heritable and expressible by its cell progeny. In 
a preferred embodiment, the cell used for gene therapy is autologous to the patient. 

20 In a specific embodknent, the micleic add to be inirodaced Jbr purposes of gene 

therapy comprises an inducible promoter operably linked to the coding sequeaice, such that 
expression of flie nucleic acid is oontroUetole by controlling the presence or absence of the 
appropriate inducer of transcription. 

Oligonucleotides such as antinsease RNA and DNA molecules, and ribozymes 

25 that function to inhibit the translation of a targeted mENA, especially its G-terminus are also 
within the scope of the mvention. Anti-sense RNA and DNA mplecules act to directly block 
the translation of mRNA by binding to targeted mSNA and preventing protein translation. In 
regiard to aniisense DNA, oligodeoxyribonuoleotides derived &om the translation initiation site, 
e,g., between -10 and +10 r^ons of anucleotide sequence, are prefened. 

30 The antisense oligonucleotide can comprise at least one modified base moiety 

which is selected j&om the group including, but not limited to, 5-fluorouradI, 5-bromouracil, 
5-chlorouraciI, 5-iodouracil, hypoxanthine, xanthine, 4-acetylcyto,sin6, 
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5-(carboxyhydroxylmethyl) uracil, 5-carf3oxymethylanunDmeihyl-2-lMouridme, 
S-caAoxymelliylainiaomefhyhifacdl, dihydrouracil, beta-D-galactosylqueosme, inosine, 
N6-isopetttenyladeiiine, l-meihylguaoine, l-methylinosine, 2,2-dimethylguaniiie, 
2-metihyIademne, 2-methyIguamiie, 3-inethylcytosme, 5-methyicytosme, N6-adenine, 
5 7-methyIguanme, S-methylarainomethyluracil, 5-methoxyaminomethyl-2-{hioiiracil, beta- 
D-mannosylqaeosine, 5'-methoxycarboxymetbyluracil, 5-niethoxyuracil, 2-m.e!thyltbio-N6- 
isopentenyladenine, iiraciI-5-oxyacetic acid (v), -wybutoxosiae, pseudoBiacil, queosine, 
2-thiocytosine, 5-methyl-2-tbiouraoil, 2-thiouracil, 4-thiouracil, 5-metliyluracil, viracil- 
5-oxyace1:ic acid niethylester, uracil-5-oxyacetic acid (v), 5-methyl-2-thiotiracil, 3-(3-aimno- 

10 3-N-2-carboxypropyl) uracil, (acp3)w, and 2,6-diaEaiiiopurine. 

Ribo?yines are enzymatic RNA molecules catpable of catalyzing the specific 
deavage of ENA. The mediaidsm of libozyme action involves seqaenoe specific hybridization 
of the ribozyme mDlccule to complementaiy target RNA^ followed by endonucleolytic cleav- 
age. Within the soape of flie invention ate engineered hauanerhead motif libozyme molecules 

15 that specifically snd effidentty catalyze endonucleoiytic cleavage of target RNA sequences. 

Specific riboayme cleavage sites within any potential KNA tai-get are initially 
identified by scanning tlie target molecule for ribozyme cleavage sites which include the 
■ following sequencK, GUA, GUU and GUC. Once identified, short RNA sequences of between 
15 and 20 ribonucleotides corresponding to the region of the tai^et gene containing the 

20 cleavage site can be evaluated for predicted stmcttiral features such as secondary structure that 
may render the oligonucleotide setiiience unsuitable. The suitability of candidate targets can 
aI»o be evaluated by testing their accessibility to hybridization witii complementary 
oligonucleotides, using ribonuclease protection assays. 

The anti-seose SNA and DNA molecules and ribozymes of the invention can 

25 be prepared by any roethod known in the ait Ibr the syrrthesisofnucleic acid molecule. These 
include techniques for chemically synthesizing oligodeoxyribonucleotides well known in the 
art such as for example soM phase phosphoramidite chemical synthesis. Alternatively, RNA 
molecules can be generated by in vitro and in vivo transcription of DNA sequences encoding 
the RMA molecule. Such DNA sequences can be incorporated into a wide variety of vectors 

30 which cont^ suitable SNA polymerase promoters such as the T7 or SP6 polymerase 
promotetB. Alternatively, antisense cDNA constructs that synfliesize anttsense KNA 
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' constitatively or indacibly, depending on the prcatnoter used, can be introduced stably into cell 
lines. 

VaxioTJs nQodificationB to the DMA molecules can be introduced as a means of 
increasing intracellular stability and half-life. Possible modifications include, but ai'e not 
5 lunrfeed to, the addition of flanldng sequencses of tfto- or deoxy- nucleotides to the 5' and/or 3 ' 
raida of the molecule or the use of phosphorothioate or 2' O-mefhyl rather than phospho- 
diesterase linkages mtfain the oXigodeoxynbouocleotide backbone. 



C. Other Pbannaceotical Compositions 
10 iTie ccmpounds of the invention can be administered to a subject per se or ia 

the form of a sterile composition or a pharmaceutical composition. Pharmaceutical 
codxiiiositions coinpristng the compoimds of the iavention con be manu&ctured by means of 
conventional mixing, dissolving, granulating, dragee-making, levigating, emulsifying, 
encapsulating, entrapping or lyopliilizing processes. Pharmaceutical compositions can be 
15 formulated in convaitional manner using one or more physiologically acceptable carriers, 
diluents, excipients or auxiliaiies that facilitate processing of the active peptides or peptide 
analogues into preparations which can be used phannaceutically. Proper formulation is 
' dependent upon the route of administration chosen. 

For topical administration the compounds of the invention can be formul ated 
20 as solutions, gels, ointments, creams, suspensions, etc. as are well-koown in the art. 

Systemic formulations hiclude those designed for administration by injection, 
e.g. subcutaneous, intravenous, intramuscular, intrathecal or intraperitoneal injection, as well 
as those designed for transdemaal, transmucosal, oral or puhnonaiy administration. 

For itrjection, the compounds of the invention can be formidated in aqueous 
25 solutions, pref<aubly in physiologically compatible bufBars such as Hanks's solution. Ringer's 
solution, or physiological saline buffer. The solution can contain formulatory agents such as 
suspending, stabilizing and/or dispersing agents. 

Alternatively, the compounds can be in powdei- form for constitution with a 
suitable vehicle, e-g.^ sterile pyrogen-firee water, before use. 
30 For transmucosal administration, paietrants appropriate to the banier to be 

permeated are used in Ihe formulation. Such p«aietraats are generally known in the art. This 
route of adrmnislration can be used to deliver the compounds to the nasal cavity. 
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For oral administration, the compounds can be readily fofrmulated by combimag 
■k*"<Sie active peptides or peptide analogues wi& phaimaceutically acceptable carriers well known 
in the art. Sucb carriers enable the compounds of the invention to be formulated as tablets, 
pills, dragees, oapsules, liquids, gels, syrups, slurries, suspensions and the like, for oral 
5 ingestion hy a patient to be treated. For oral solid formulations such as, for example, powders, 
, capsules and tablets, suitable excipieuts include fiUers such as sugars, such as lactose, sucrose, 
matmitol and sorbitol; cellulose preparations such as maize starch, wheat starch, rice starch, 
potato starch, gelatin, gum tragacantli, methyl cellulose, hydroxypropylmethyl-cellulDse, 
sodium carboxymefhylcellulose, and/or polyvinylpynolidone (PVP); granulating agents; and 
10 binding agents. If desii-ed, disintegrating agents can be added, such as tbe cross-linked 
poiyviiiylpyrrolidone, agar, or alginic add or a salt thereof such as sodium alginate. 

if desired, solid dosage Jfontns can be sugar-coated or enteric-coated using 
standard techniques. 

For oral liquid preparations such as, for example, suspensions, elixirs and 
15 solutions, suitable cameis, excipiesnts or diluents include water, glycols, oils, alcohols, etc. 
Additionally, flavoring agents, preservatiYes, coloring agents aood the lilce can be added. 

For buccal administration, the compounds can take the fonn of tablets, 
lozenges, etc, formulated in conventional manner. 

For admiiiistralion by inhalation, the compounds for use according to the 
20 present invention are conveniently delivered in the fonn of an aerosol spray fiom pressurized 
packs or a nebulizer, with the use of a suitable propellant, e.g,, dicihlorodifluoromethane, 
liicMoiofluoroniethane,dicMorotetrafluaroefhane, carbon dioxide or other snitabi© gas. In the 
case of apressuiized aerosol the dosage unit can be detenmned by providing a valve to deliver 
a metered amount. Capsules and cartridges of e.g. gelatin for use in an inhaler or insufflator 
25 can be formu lated containing a powder mix of the compound atid a suitable powder base such 
as lactose or starch. 

The compounds can also be fbimulated in rectal or vaginal compositions such 
as suppositories or retenlion enemas, eg., containing conventional suppository bases such as 
cocoa butter or other glyccrides. 
30 la addition to the fonnulations described previously, the compounds can also 

be formulated as a depot preparation. Such long acting formulatians can be administered by 
implantation (for example subcutaneously or intramuscularly) or by intramusouiar injection. 
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Thus, &r example, tte contpounds can be formulated with suitable polymedc or hydropliobio 
materials (for example as an emulsion in an acceptable oil) or ion exchange lesins, or as 
sparingly soluble derivatives, for example, as a sparingly soluble salt. 

Alternatively, other ptaraiaceutical delivery systems can be employed. 
5 Liposomes and emulsions are well known examples of deliveiy veihicles that can be used to 
deliver peptides and peptide analogues of the inveoticin. Certain organic solvents such as 
dimetfc/lsulfoxide also can be ooaployed, alfcough usually at the cost of greater toxicity. 
. Additionally, the compounds can be delivered using a sustained-release system, such as 
semtpermeable matrices of solid polymers containing the therapeutic agent Various of 
1 0 sustained-release materials have been established and are well known by those skilled in the 
art Sustained-release capsules can, depending on their chemical nature, release the compounds 
for a few weeks up to over 100 days. Depending on flie oheiaical nature and the biological 
stability of the therapeutic reagent, additional strategies for protein stabilizatiou can be 
employed. 

IS As the compounds of the invention can contain charged side chains or termini, 

they can be included in any of the above-described formulations as the free adds or bases or 
as pharmaceutically accqjtable salts. Pharmaceuticaiiy acceptable salts are those sdts which 
substantially retain the biologic activity of the free bases and which are prepared by reaction 
with inorganic acids. Phannaceutical salts tend to be more soluble in aqueous and other protic 

20 solvents than are the corresponding free base formfi. 

D. Effective Dosages 

The compounife of die invention will genaally be used in an amount effective 
to achieve the intended purpose. The compounds of the invention or pharmaceutical 

25 compositions thereof, are administered or applied in a diorapeutically effective amount. By 
therapeutically effective amount is meant an amount effective ameliorate or prevent the 
symptoms, or prolong the survival of, the patient being treated. Deteimination of a 
therapeutically effective amount is well within the capabilities of those stalled in the art, 
especially in light of the detailed disclosure provided herein. An "inhibitory amount" or 

30 'inhibitory ooncenlration" of aPL-PDZ binding inhibitor is an amount 1hat reduces binding by 
at least about 40%, preferably at least about 50%, often at least about 70%, and even as much 
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as at least about 90%. Bnidii^ caa be measured in vitro (e.g,, in aa A assay or G assay) or in 
situ. 

For systemic administration, a thei-apeutically effective dose cm be estimated 
initially j&ora in vitro assays. For example, a dose can be fbimukted in animal models to 
5 achieve a circulating concentration range tiiat includes (he ICm as determined in cell culture. 
Such, information can be used fo more accurately determine nseftil doses in bmnans. 

Initial dosages can also be estimated from in vivo data, ag:, animal models, 
using techniques that are wdl laiowii in the art One having ordinary skill in the art could 
readily optimize admimstratiou to humans based on animal data. 
10 Dosage amount and interval caa be adjusted individually to provide plasma 

levels of the compounds that are' sufficient to maintain ths^ipeulic eJJeot Usual patient 
dosages for admimstratiou by injection rwige ftom about 0. 1 to 5 mg/kg/day, preferably firom 
about 0-5 to 1 mg/kg/day. Therapeutically effective serum levels can be achieved by 
administering multiple doses each day. 
15 In cases of local ' administration or selective uptaike, (he eflfective local 

concentration of the compounds can not be related to plasma concentration. One having skill 
in the art will be able to optunize thKr<^eutically effective local dosages without undue 
experimcaitation. 

The amount of compound administered wilU of course, be dependent on the 
20 subject being treated, on the subject's weight, the seveiity of fiie atjfiiction, the mamier of 
administration and the judgment of the pj-escnbing physician. 

The to^y can be repeated intermittentiy while syraptonas detectable or even 
when they are not detectable. The therapy can be provided alone or in combination with ofhsr 
drugs. In the case of conditions associated witii leukocjrte activation such as transplantation 
25 rejection and autoinraiunity, the drugs tiiat can be used in combination wifli the conqjounds of 
the invention include, but are not limited to, steroid and non-steroid anti-inflaramaEory agents. 

E. Toxicity 

Preferably, a tberapeiitically effective dose of the compounds described herein 
30 will provide ther^eutic benefit without causing substantial toxicity. 

Toxicity of the compounds described herein can be determined by standard 
pharmaceutical procedures in ceU cultures or experimental animals, e.g. , by detennining (he 
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IDsa (the dose lethal to 50% of the popuMtm) or the LD,m (the dose Mull to 100% of the 
population). The dose ratio between toxic and tJierapeutic effect is the therapeutic index. 
Compounds which Eshibit Mgh therapeutic indices are preferred. The data obtained ftom these 
cell culture assays and ammal studies can be used in formulisting a dosage range fliat is not 
.5 toxic for use in hnraaiL The dosage ofthecompoimds described hesem lies prefesrably within 
a range of circulating ooncentratiQns that include the effective dose wifli little or no toxicity. 
The dosage can vary within this range depending upon the dosage form emptoyed and the 
route of administratioai utilized. The exact fonnulation, route of admimsfaadott and dosage can 
be chosen by the individual physician in view of the patient's condition. {See, e.g., Fingl et oL, 
10 1975, In: The Phamiacologioal Basis of Therapeutics, Ch. 1, p.l). 

EXAJVIPLEl 

TAT T-Cell Surface Receptor Carboxyl Teoninus Fuision Peptides 
15 toliibitT-Cell Activation 

Materials And Methods 
Peptide Synthesis 

Ail peptides were chemically synthesized by standard procedures. For example, 
the Tat-CD3 caiboxyl termmus fusion peptide, (GYGRKKRRQKRRGPPSSSSGL, SEQ ID 
20 NO:); Tat-CXAwSPl caAoxyl temiinus fusion pqptide, (GYGEKKRRCJRRRGSISSSAEV, SEQ 
ID NO:); Tat-C3rASP2 carboxyl terminus fusion peptide, (GYGKKKRRQRERGVOSSSSW, 
SEQ ID NO :); and Tat peptide, (GYGRFCKRRQRRRG, SEQ ID NO:); were dissolved at 1 mM 
inPBS, pH 7, or dH20. Stock MBPAol-16 peptide, (AcASQKRPSQRHGSKYLA, SEQ ID 
NO:), was dissolved at 5 mM. All peptides were aliquoted and stored at -80*C until tested. 

25 

Cell Cultures 

Cells were maintained and tested in RPMI 1640 media supplemented with 
10% fetal calf serum (HyClone), 2 mM gktamine, 10 mM Hqies, lOO UAnl penicillin, 100 
jj,gAnl streptomycin, 0.1 mM non-essential amino acids, I mM sodium pyruvate, and 50 \xM 
30 betamercaptoethanol. 
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T Cell Stimulation Assay 

Supematants were assayed for cytokine prodqctkm fbllowkig activation of T 
cell lins. Mouse T cdl lines were stimulated using two dififeremt mefiiods, dtasc wilh antigoa 
and antigen presenting cells or anti-mouse CD3 . 

5 Antigen-specific mouse T cells, BR4.2, wei-e activated with the N-terminal 1 6 

amino acid sequences of myelin basic protein (MBPAcl-16) and syngenic mouse splenocytes 
in 96-well plates. Mitomycin C-treated antigen presenting cells, 2x10^ B10.BR, were added 
to each row of serially dihited MBPAcl-16 ranging from 0 to 200 jjM, Next, 10 Tat- 
peptides or media idone was added to each row. Finally, 2x10* MBPAcl-16-specific T cell, 

10. pre-loaded with 10 \iM Tat-peptides (see above), were added to all wells 0labinowitz et 
aL,1997,. Proc, Natl. Acad, Sci. U.S.A., 94:S702-8707). Cells were activated during an 
overnight incuhation at 5% C02, 37"C. Ceil supernatant was collected and stored at -SCC 
until assayed for cytokine production. The final volume was 200 ^xl/well. 

Antibody against mouse CD3 CPhamiigen #145-2C1 1) was coated overnight at 

1 5 4°C using flat bottom Elisa plates at a final concentration of 0.5 jjg/ml, diluted in PBS . 

Just prior to use, plates were washed three times with 200 jjJ/well PBS to remove excess anti- 
CD3. To ensure that cells were given sufficient time to transduce Tat-peptides before 
activation, T cells (5xlO'ceUs,/ml) were pre-ti'eated witli or without 10 pM Tat-peptides for two 
hours at 5% C02, 37°C and tlien diluted in media with or without 10 p-M Tat-peptides to a final 

20 concenti-ation of 2x1 0"* cells per well in a final voliune of 200 iil. Cells were tlien treated as 
described above. 



Cytolcine BLISA 

IFNy was measured from cell supematantSj described above, at ambient 
25 temperature using the Endogen, Inc. ELISA protocol 3. Briefly, 96-well, flat bottom, high 
bmding ELISA plates were preincubated overnight with coating antibody (MM700). Plates 
were washed with 50 mM TRIS, 0.2% tween-20, pH 8 and they blocked for one hour with PBS 
plus 2% BS A. Washed plates were thesn incubated one hour with 25 of cell supernatant and 
25 \xl blocking buffer, or with 50 pi IFNy standard. The presence of IFNy was detected with 
30 a biotin-labeled anti-mouse IFNy monoclonal antibody (MM700B, Endogen, Inc.,). 
Quantitative amounts of detection antibody are revealed with horseradish peioxidase- 
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conjugated streptavidia. The enzymatic, color, substrate for HRP, tetramethylbenzidme 
(IMB), was defvdoped for up to 30 minutes and stopped with 1,0 M BjSO^. The absorfaance 
at 450 nm was measured using a nricrotiter plate reader CTlieirno Max, Molecular Devices) and 
the conceaitratioii of unknown EPNy flom cell supematants was calciaated fiom a standard 
curve generated by Softtnax Pro software (Molecular Devices), 

Re sul t s 

Peptides containing Tat transporter sequenciss linked to C-tetminai sequences 
of various PLs were testing for their ability to inhibit T cell activation. FIGURE lA shows 
that the Tat-CD3 fusion peptide inhibits T cell activation mediated by peptide:MHC as 
compared to canbols of Tat-pepticle alone or no peptide. FIGURE IB shows thai Tat- 
CLASP2 carboxyl tenrnnus fiision peptide inhibited T cell actrvattion mediated by monoclonal 
anti-CD3 as compared to Tat-peptide alone. Tat-CLASPl fosion peptide did not inhibit T cell 
activation in this experiment. These resuHs indicate that peptides containing potential 
inliibitory sequences can be transported into T cells through transporter peptide such as Tat to 
disrupt surface receptor organization mediated by PDZ proteins. Disruption of PDZ-mediatecl 
surface receptor organization leads to blockage of T cell activation in response to antigen. 

EXAMPLE 2 

Generation of Eukaiyolic Expression Constmcta Bearing DNA Fiaginents that Encode 
PDZ Domain-Containing Genes or Portions of PDZ Domain Genes 

This example describes the cloning of PDZ domain oontainiiig genes or portions 
of PDZ domain containing genes wesre into eukaryotic expression vectors in fusion with red 
fluorescent protein (RFP). 

A, Sttategy 

DNA fragments corresponding to PDZ domain containing genes were genaated 
by RT-PCR from jurkat cell line (transformed T-cells) derived RNA. Primers were designed 
to create restriction nuclease recogaition sites at the VCR. fragment's ends, to allow cloning of 
those ftagments into 1he appropriate vectors. Subsequent to RT-PCR, DNA samples were 
submitted to agarose gel electrophoresis. Bands corresponding to the expected size were 
excised DNA was exhacted and treated wiA appropiate restriction endonuclease. DNA 
100 
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samples were purified once more by gel eledrophcfresis, and gel extracted DNA ftagments 
were coprecipitated and ligaled with liie appropriate linearized clonii^ vector. Ate 
transformation into E.coU, bactaial colooiee were screened by PGR for the presence and 
correct orientation of insert. Positive clones were picked fer large scale DNA preparation and 
5 the insert including the flanking vector sites were sequenced to ensure conect sequence of 
fiagments and junctions between tlie vectors and ftision proteins, 

B. Vectors: 

Cloning vectors were pDsREDl-Nl (purchased flxim CLONTECH, # 6921-1) 
10 and pDsiI<EDl-Nl(+ATG), a derivative of pDsREDl-Nl generated by recombinant DNA 
teclmology. 

DNA fiagmeats to clone that contained the ATG-stait codon were cloned into 
pDsREDI-Nl. Fragments void of a psroper translation initiation codon were cloned into 
pDsREDl-N-(4ATG), sdnice this vector includes an translation bitistian start codon. Vector 
15 pDsREDl-Nl (+ATG) differs from pDsREDl only with regard to the multiple cloning sites. 
The sequence that unique to pDs[ElEDl-Ni(+ATG) is shown belois^ boundaries with 
pDsREDl-Nl are i«rinted in lower case and correspond to nucleotides N 633 and N 662 in 
pDsREDl-Nl, respectively. 

5'-attGCCACCATGGGAATTCTGGATCCGGGAgat-3' 

20 

C. Deduced amino acid linker sequflnces: 

Linker sequences b^ween the cloned inserts and RFP vary depending on the 
vectors and on tlie restriction ecdonuclease used for cloning. Deduced linker amino acid 
sequences are listed m the table below; For some constructs, the first N-terminal and / or last 
25 C-ferminal amino acid corresponds to a linka- amino acid introduced by the cloning process 
but is not represented at that position in the con'esponding gene. 

Table 2 



pDsB£Dl-Nl, dauing approach: 
(fiBgment) Eco RI or Mfe 1 / Boo EI (vector) 


mz domain insert C-terni - LEU - GLN - SER - THR - VAL - 
PRO - AUG - ALA - ARG - ASP - PKD - PRO - VAL - ALA - 
THR - red flaorescent (ffotBin; 


pDsRE3DI-Nl(+ATG), cloning approach: 
(fiagmsat) Bco SI / Eco RI (vector) 


Start oodcm (MET) - GLY - ILB - FDZ domain gene insert - 
LEU - ASP - PRO - QLY - TYR - PRO - PRO - VAL - ALA - 
THR - red fluoiescent iHoteinL 


pDsRBDl-Nl[+ATG), cioning apfsoack 
(firagment) Mfe I / Bco RI (vector) 


Start codon (MET) - ARG - ILE - PDZ domain gene insert - 
UBU - ASP - PRO - GLY - TYR - PRO - PRO - VAL - ALA - 
TEIR - red fluorescent protein; 
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D. Constnjcts: 

The deduced protean sequence of cloned inserts, primers used to generate DNA 
fragments by RT-PCR and accession # are given below for each construct For all constructs, 
5 the &sion with RPP was carijoxy terminal. 



1 . mnQ sapiens DisheveUed 1 (PVLI) 
Acc#: NM_004421 

GI: 475S213 

1 0 Cloning sites for ail constructs: Eco RI / Eco RI 

• Conslntct (N-P) [Covers the methionine start codon and extends over the C-terminal 
boundary of tlie DVLl PDZ domain]; 
primers: 308 DVF and 311 DVR; 
• vector: pDsREDl-Nl 

15 

aa 1 - aa 341 

MAETKIrYEMDEEETPYLVEXPVAPERVTLAI)FK^m.SNE^Vm 
VKEEIFDDNAiaPCFNGRVVSWLVLVEGAI-ISDAGSQGTDSIiTDLPPPLER.TGGIGDSR 
SPSFQPDVASSRDGMDNETGTESMVSHRRDRARRRNREEAARTNGHPRGDRRRDVGL 
20 PPDSASTALSSELESSSFVDSDEDDSTSRLSSSTEQSTSSRLIRKHKRERRKQRLRQADR- 
ASSFSSMTDSTMSU^IWTLlMERI-IfrFLGICrVGQSNDRGDGGmGSIMKGGAVAAD 
GRIEPGD^^LLQVNDVNFENMSMDDAVRVLRErVSQTGPISLTVAKCWDPT 



25 • Construct (N) [Covers the methionine stait codon and extends to flie N-terminal 

boundary of the DVLl P.DZ domain]; 
primers: 308 DW and 345 DVR 
vector: pDsREDl-Nl 



30 aal-aal97 

MAETKimiMDRBETPYLVia.PVAPERVTlADFEam.SlN^ 
VI<^EIFDDNAKLPCSNGRVVSmVLVEGAHSDAGSQGTDSHIl>IJ»PPIJ^ 
SPSFQPDVASSRDGMDNETGTESMVSHRSDRARRENREEAARTNGHPRGDRRRDVGL 
PPDSASTALSSELESSSFVDSDEDG 

35 

• Construct (P) [Consists of the PDZ domain of DVLl]; 
■ primers: 344 DLF and 3 1 1 DVR; 

vector: pDsREDl-Nl(+ATG) 



aa245-aa341 
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SLlOTn^LNMBKEimT^CIVGQSNDRGDGGmGSIMKGGAVAAlX3^R^ 

^^^v^IFE^MS]^DAWVIJ;ffi^vsQTGPISLTVAKCWDPT 

Primers: 

5 308 DW (N 128 - N 155) 5'-TCGGAATTCGTCGCGCCATGQCGGAGAC'^3' 

311 DVR (N 1004 - N 1032) 5'-GGGAAlTCGGTCCCAGCACTTGGCCACAG-3' 

344 DW (N 873 - N 900) 5'-CCAGAATTCTCAACATCGTCACTGfrCAC-3' 

345 DVR (N713 -N744) S'-TCGGAATTCCATCCTCGTCCGAGTCCACAAAG-S' 



2. KIAA0751/41.SKD 

Aoc#:AB018294 
GI: 3882222 



Clomng sites for all constructs: (vector) Eoo EI / (fragment) Mfe 1 

• Construct (N-J) (includes fhe tbird in fratne-methionine (putative start) codon in (GI; 
3882222) and eixtends c-teiminai of the PDZ domain to the region on sequence divergency 
between KIAA 0751 (GI: 3882222) and hypotTieticd 41.8 Kd protein (AF007156 / GI: 
20 3882222)]; 

primers: 3 1 8 IGF and 320 KtR; 
vector: pDsMDl-Nl 



aa 389 - aa 803 

25 MMYFGGHSLEEDLEWSEPQIKDSGVDTCSSTTLNEEHSHSD^IIPVTWQPSKriGDRLIG 
mLNEIU.KI)GSVFiaJSGAMLGLKWGGKMrESGRLCAFrTKVKICGSLADTVGHLRr 
GDEVLBWNGRLLQQATFEBVYNULP^KPEPQVELWSRPIGDIPRIPDSTHAQLESSSSS 
FESQKMDRPSISVTSPMSPGMLRDVPQFLSGQLSmCLWFDKlVGHQLIVTILGAICDLPSR 
EDGRPRNPYViaYFLPDRSDKJilKRRTKTVXKTLEPKWNQTFIYSPVirRREFRE 

30 Lm)QARVREEESEFLGEILffiLETALLDDEPHWYKU3THDVSSU»IJ'ffi'SPYMPRR 

GESPTiaU.QRSmSDSEVSDYDCDDGiaWSDYiaiDGIUDLQSSTLSWEQVMSS2^ICS 
PSGSPHRVDVIGRTT 



35 •Construct (P) [consists of the PDZ domain of KIAA 075 1/41.8 Kd hypothetical 

protein (GI: 3882222)]; ' 
primeis: 341 KIF and 319 KIR. 
vector pDsREDl-NU+ATG) 



40 .aa443-aa534 
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m)GSWRDSQA]sa^IJCWGGKMIESGRLCAFITKVKKGSLAD^ 
WNGRLLQGAITEEVYNIILESKPEPQVELWSRPIA 

PriuaeiB: 

5 3 1 8 KIF (N 1366 - N 1393) 5'-AGACAATTGAGGAAATGATGTACTTTGG-3' 

319 KIR (N 1830 - N 1857) 5'-GAACAATTGCAATAGGCCTTGAAACTAC-3' 

320 KIR (N 2640 - N 2667) 5'-ACCCAATTGTAGTCCTTCCTATAACATC-3' 
341 KIF (N 1567 - N 1593) 5'-ATAGAATTCTAAAAGATGGAAGTGTAC-3' 

10 3. Homo sapiens P AR6 

Acc#: At^esses 

GI: 8468608 

Cloning sites for all constructs; Eco RI / Eoo RI 
15 ' • Construct (N-P) [Coveas the mefliionine start codon and extends over the C-tenninal 

boundary of the PDZ domain]; 
primers: 322 PAF and 324 PAR; 

vector: pDsRED I -Nl 

' 20 aa. 1 -aa25I 

■MAiyPQRTPARSPDSn'EVKSKFDAEFRRFALPRASVSGFQEFSELLRAVHQIPGLDVLL 
GYTDAIIGDLLPLTlTODSU-IRALASGPPPIJaLLVQKREADSSGLAFASNSLQRRKKGLL 
I^VAPLRTRPPmSIJ'QDFRQVSSVIDVDLLPEimRVRLHKHGSDRPLGFyiRDGMS 
VRVAPQGLERVPGIFJSRLVRGGLAESTGLLAVSDEILEVNGIBVAGKTLDQVTDMMV 
25 ANSimiVTVKPANQR 

• Construct (N) [Covej-s the methionine start codon and extends to tlie N-tenninal 
boundary of fli© PDZ domain; 

primal: 322 PAF and 343 PAR 
30 vector: pDsREDl-Nl 

aa 1 - aa 147 ■ 

MARPQRTPARSPDSIVEVKSKFDiOTiaUfALPRASVSGFQEFSRIiRAVHQIPGLDVLL 
GYTDAHGDLIJLTODDSLHEIALASGPPPIJEILLVQKREADSSGLAFASNSLQRRKKGLL 
35 LRPVAPLRTRPPmSLPQDRQVSSVIDV 

• Construct (P) [Consists of the PDZ domain of PAR6]; 

primers: 342 PAF and 324 PAR; 
vector: pDsREDl-Nl(+ATG) 
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aal55-aa251 

RRVRLHKFIGSDRPLGFYIKDGMSVRVAPQGLERWGIEISRLVRGGIAESTGLLAVSDE 
ILEVNGffiVAGKTLDQVTD]VIMVANSH^a.rVTV^ 

5 

Primers 

322 PAF (N 55 - N 82) 5'-CCCGAATTCGCCATGGCCCGGCCGCAGAG-3' 
324 PAR (N 798 - N 825) S'-CGTGAATTGGCTGGTTGGCGGGCTTGAC-B' 
342 PAP (N 5 1 9 - N 54S) 5'-GAGGAATTCCGACGGGTGCGGCTGCACAAG-3' 
- 10 343PAR(N485-N516)5'-GCAGAATTCCCACGTCTATGACTGAGGAAAC-3' 

4. Homo sapierj^ post-synaptic density protein 95 CPSD95) 
. Aoc#: ABU83192 
GI:33ti?652 

1 5 Cloning sits for all constructs: Eoo RI / Eco RI 
Vector: pDsREDi-Nl 

• Construct (N-P3) [Covers the methioiBiie start oodoo and esstends over the C-terminal 
"boundary of PDZ domain 3; 
primers: 315 PSF and 304 PSR. 

20 ■ 

aa 1 - aa 442 

MSQRPEAPRSALWLLAPPLLRWAPPLLTVLHSDLFQALLDILDYYBASLSESQKYRYQ 
DBDTPPLEHSPAHLPNQANSPPVXVNTDTLEAPGYELQVNGTEGliareYEETTI.BRGNSG 
LGFSIAGGTDMPffiGDDPSn?ITKIIPGGAAAQDGRLRV]>roSILFVNBVBVR^ 
25 EALKEAGSIVRLYVMR3m>PAEK^^IKLIKGPKGLGFSIAGGVGNQHIPGDNSIYVTK 
IIEGGAAHKDGRLQIGDKJIAVWSVGLEDVl'IHEDAVAALKNTYDVVYLKVAia'^ 
LSDSYAPPDITTSYSQHLDNEISHSSYLGTDYPTAMTPTSPRRYSPVAKDLLGEEDIPRE 
PmvmRGSTGLGFNWGGEDGEGIHBFILAGGPADLSGELRKGDQILSWGVDLRNAS 
HEQAAIALKNAGQTVTHAQYKPEEYSR 

30 

primers: 

315 PSF (N847 - N876) 5'-AGAGAATTCAGAGATATGTCCCAGAGACCAAG-3' 
304 PSR (N 2161 - N 2189) 5'-CGAGAATTCTGTACTCTTCTGGTTTATAC-3' 

35 5. Homo .moiens hCASIC fCASin 

Acc#: AF032119 
GI: 2641548 

Cloning sites: Ego RI / Eco RI 
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» Construct (P) [Covers the PDZ domain of hCASIC]; 
Note: The amino acid sequence homology between the kuman hCASK and the mouse mCASK- 
B is 100% identical, 
primers: 336 CAF and 335 CAR^ 
5 vector: pDsREDl-Nl(+ATG) 

aa 399 - aa 572 

IU.VQFQI<NTOEPMCMI,KMMELlSIHCIVAiaMEGG]!^^ 
QTVEQLQKMLREMRGSrnPKXVPSYR 

10 

Primeis 

336 CAF (N 1484 - N 1512) 5'-CCAGAATTCGGCTGGTACAGTTTCAAAAG-3' 
325 CAR (N 1722 - N 1750) S'-ACTGAATTCGGTAACrTGGCACAATCTTG-S' 

15 6. Homo sapiens membrane protein, palmitol{ttg4 2 Off P2 / DLG2) 

Acc#: X82895 
GI; 939884 

Cloning sites for all oonstructs: Eco RI / Eco RI 

20 • Construct (N-SH3)[Cove(rs the melMoiune start codon, the PDZ domain and exteiids 

to the C-tenninal boundary of the MPP2 SH3 domain; tlie construct is a splice variant of the 
constract annotated under GI:939884. Witli respect to GI:939S84, the DNA portion N 238 to 
309 is missing; this DNA stretch corresponds to AA 51-74. The open reading frame is 
maintained throughout tlie deletion]. 

25 primers: 305 MF and 306 MR; 
vector: pDsREDl-N! 

aa 1 - aa 317 

MPVAATNSETAMQQVLDNLGSLPSATGAAELJ)LIFLRGrN4ESPr^^SLAlCAH^^ 
30 LEAVRDNMLELVQEILRDLAQLAEQSSTAAELAHILQEPKCFQSLLETHDSVASKTYETP 
PPSPGLDPTFSNQPVPPDAVRMVGIRKTAGEHI.GVTFRVEGGEI.V1ARILHCJGMVAQQ 
GLLWGDin<:EVNGQPVGSDPRALQEIJ.RNASGSVILKILPSYQEPHI.PRQVFVlCCIIF'D 
YDPARDSLIPCKEAGUaETSfAGDLLQrVTSIQDDANWWQACHVEGGSAGLff 
KG 

35 

Primers: 

305 MF (N 5S - N 84) 5'-AGAGAATTCAGAGCCCTTGCCTCCTTC-3' 
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306 MR (N 798 - N 825) y-TGAGAATTCCTTTCCGCTTCTCCTCCAG-S' 

7. Homo sapiens TsoL interactian nrotein 1 mP-ll 

Acc#: AF028823 
GI: 2613001 

Cloning sites: EcoRI/BamHl 

(We determined 5' start site and 5* fiill length sequence by 5' RACE) 

• Construct (N-C); 
vector: pDsRedl-Nl 

aa 3 - aa 125 

YIKJQPVTAWQRVEIHKLRQGENLILGFSIGGGIDQDPSQNPFSEDKTDKGIYVTRVSE 

GGPAEIAGLQSGDKIMQVNGWDMTMVTHDQARKiaTiaiSBE\^^^ 

QQSML 

Primer: 

1318 TIP CH336 - N 356) 5'-CAGTCCATGCTGTCQGATCCG-3' 

1317 TIP R5-1* 5'-GTCGGA^TTCCCTACATCCCG-3' 

♦primer 5' end coiresponds to the nucleotide that is located 29 nucleotides 5* 
of N 1; primer sequence corresponds to sequence determined by 5' RACE; 
numbeitog coiresponds to Genbaulc sequence entry (GI 2613001). 

EXAMPLES 

Identification of CD95 and TAX interactions with TIP-1 

A. Baciignround 

Binding between these molecules was assessed using a modified ELISA. Briefly, a 
GST-TIP-1 fusion was produced that contained the entire PDZ domain of human TIP-1 (Insert 
as in EXAMPLE 2). In addition, biotinylated peptides cdiresponding to the C-teirainal 20 
amino acids of Tax and CD95 were ^thesized and purified by HPLC. Binding between these 
entities was detected through a colorimetric assay using avidin-HRP to bind the biotin and a 
peroxidase substrate (G-assay, as described supra). By titrating the amount of peptide and 
protein added to these reactions, dissociation constants (Kd) were determined as an indication 
of relative afSnity of the peptide and fosion. protein association. 
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B. Peptide purification 

Peptides represeoatiog flie C-tenninal 8 or 20 amino acids of CD95 and Tax were 
synthesized by standard EMOC chanistry and biotinylated if not used as an unlabeied 
5 competitor. Peptides weare purified by reverse phase hi^perfonnaiweliqmdcto 

(HPLC) using a Vydac 21 8TP CIS Reversed Phase CMlunra having the dimensions of 1 0*25 
r mt, 5 um. Approximately 40 wg of peptide was dissolved in 2,0 ml of an aqueous solution 
of 49.9% acetonitrlle and 0.1% TrirFluorD acetic acid (TFA). This solution was then injected 
into the HPLC machinB fljrough a 25 micron syringe filter (Millipore). Buffers used to get a 
10 good separation are (A) distilled water with 0.1% TFA and (B) 0.1% TFA with Acetonitrile. 
Gradient Segment setup is listed m TABLE 3 below. 



Table 3 



Time 


A 


B 


C 


Flow rate (niVmin) 


0 


96% 


4% 


0 


5.00 


30 


4% 


96% 


0 


5.00 



The sepaa ation occurs based on the nature of the peptides. A peptide of overall hydrophobic 
15 nature will elute off" later than a peptide of a hydrophilic nature. Fractions containing the 
"pure" peptide were collected and checked by Mass Specti-ometer (MS). Purified peptides are 
lyophilized for stability and stored at -80"C for later use. 

C. Constraction of G5T-TIP-1 

20 DNA representing the putative open riding frame of human TIP- 1 was amplified by 

PGR and cloned into the pGEX-3X vector (Amersham-Phamacia) to generate a GST-lIP- 1 
fiision vector- GST-TJP-l protein was produced by inducing this vector with IPTG in DH5a 
as recommended by the Phannacia protocol. Cells were lysed and purified by glutathione- 
sepharose chromatography according to manufacturer's instractions (Pharmacia), Purified 

25 protdn was dialyzed against storage buffer ^BS with 25% glycerol) andstored at -20''C (short 
term) or -80°C (long terra). 
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D. "<j" assay for identificatioia of interactions between peptides and fusioia oroteins 

Reageiits and materials 

• Nunc Polysorp 96 well Immuno-plate (Nunc ca-tS'62409-005) 

5 (Maxisorp plates have been shown to have higher background signal) 

■ • PBSpH7.4(GibcoBRLcat#16777-i48)or 

Ave phosphate buffered saliiie, 8gm NaCl, 0,29 gm KCa, 1.44 gm NaaHP04, 
. 0.24gm KB,P04, add H20 to 1 L and pH 7.4; 0.2 niicran filter 

• 2% BSA/PBS (lOg of bovine serum albumin, fraction V (TCN Biomedicals 
10 cat#IC15142983)into500mIPBS 

• Goat anti-GST mAb stock @ 5 mg/ml, store at 4°C, (Ameraham Pharmacia 

cat#27-4577-01), dilute 1:1000 in PBS, final concentration 5 ng/val 

• HRP-Streptavidin, 2.5mg/2ml stock stored at 4°C (Zynied cat#4.3-4323). 

dilute 1 :2000 into 2% BS A, iinal concentration at 0.5 ugAnl 

1 5 • Wash Buffer, 0,2% Tween 20 in 50mM Tris pH 8.0 

• nvEB ready to use (Dako ca#S'l600) 

• IMHjSO, 

• 12wmultichaxinelpipettar, 

• 50 ml reagent reservoira, 

20 • 15 m! polypropylene conical tabes 

Protocol 

1) Coat plate with 100 uL of 5 ug/ml goat anti GST, O/IST @ 4°C 

2) Dump coating antibodies out and tap dry 

25 3) Blocking- Add 200 ul per well 2% BSA, 2 tes at 4*C 

4) Prepare proteins in 2% BSA at 5 iig/inl 
(2ml per row or per two columns) 

5) 3 washes with cold PBS (must be cold through entire experiment) 
(at last wash leave PBS in wells until unmediately adding next step) 

30 6) Add proteins at 50ul per well on ice (1 to 2 hrs at 4°C) 

7) Prepare Peptides in 2% BSA (2 ml/row or /columns) 

8) 3 X wash with cold PBS 

9) Add peptides at 50 ul per well on ice ftime on / time off) 

keep on ice after last peptide has been added for 10 minutes exactly 
35 * place at room temp for 20 minutes exactly 

10) Prepare 12 mVplate of HEP-Streptavidin (1 :2000 dilution in 2%BSA) 

11) 3 X wash with cold PBS 

12) Add HRP-Streptavidin at 100 ul per well on ice, 20 minutes at 4"^ 

1 3) Turn ,on plate reader and prepare files 

40 14) 5 X wash with Tweeai wash buffer, avoiding bubbles 
15) Using gloves, add TMB substrate at 1 00 ul per well 

- incubate in dark at room temp 

- check plate paiodically (5, 10, & 20 minutes) 

" take early readings, if necessary, at 650 nm (blue) 
45 ♦ at 30 minutes, stop reaction with 100 ul of IMHiSO^ 
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- taJce final reading at 450nm (yellow) 

E. Results of binding experiments 

Results of peptides represeitdiiig the csirboxy-tenninal 20 amino acids of Tax emd CD95 
binding to TIP-1 are shown in EIGUKE 2A. Clearly, Tax binds GST-TEP-l with much bigha: 
afSnity than does CD95 at equivalent peptide oonceutrations and with equivalent amount of 
GST-TtP-l fusion protein. 



F. Determination of dissQcisdjoa constants forpiolgins interacting with TlP-1 

Using the protocol for the 'G' assay described above, dissociation constants were 
detenniQcd by titrating the amount of peptide against a set concentration of PDZ-containing 
protein. Kd values "were deteimined by identiJying the peptide concentration that gave half- 
maximal binding to the PDZ protein. Different concentrations ofPDZ-coaitaining piotein were 
plated in order to achieve maximal peptide binding values that wesre less tiian the absorbance 
maximwrn of the EUSA plate reader. TABLE 4 below shows flie Kd values observed for the 
tilrated reactions. 



Table 4 shows the Kd values in uM for the interactions between proteins and peptides 
in a series of 'G-Assay' experiments. Proteins on the left are GST fusions to the PDZ 
domain(s) of prolein indicated. Numbers in parenthesis indicate the number of PDZ domains 
present in tlie fusion construct from the amlno-terraimis of the first number listed to the 
carboxyl terminus of the second. PDZ Ligands ai-e listed across the top of the table, 
representing biotinylated peptides corresponding to the carboxy-termiQal 20 ainino acids of 
eadi protein. The first three colmrms following the PDZ indicate the concentration of fusion 
protein plated for the G assay, followed by the wavelength and time of reading ftom addition 
of TMB substrate. 450nm indicates a reaction halted by addition of sulfuric acid and 
absorbance read at 450 otn. Values beneath each Hgand indicate fust the maximum absorbance 
followed by the observed Kd in uM. Numbers in the squares are the average of duplicate or 
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quadruplicate reactions. Blank squares indicate that tie Kd for the intaactioii was not tested 
under those conditions on the same sample plate. No binding to GST alone is observed, 

G. Conclusjpitig Mt4 suappiary 
5 Peptides corresponding to the PL of Tax bind TlP-1 with much Iiigher afBrnty than 

peptides corresponding to the PL of CD95. Comparing dissociation coaastanta (.006 uM for 
Tax:TIP-l, 20 iiM ibr CD95:TIP-1), one can. see tliat Tax can bind TIP-1 >3000-fold more 
strongly than CD95. This provides an explanation for potential oncogenicity of Tax, If TIP-1 
is a regulator of apoptosis through binding to CD95. ttieaiipon HTLV-1 infection of lymphoid 
10 cells tlie Tax oncoprotein should be able to bind TIP-1 and remove it's ability to associate with 
CD95 at Tne aning fi]] levels. If CD95 mediated apoptosis requires TIP-1, then the ability of the 
body to activate ^optotic pathways in HTLV-1 infected cells and heaice resnilt in a cancerous 
condition. 

Tlie data presented in TABLE 4 also suggest that afifinities between PDZ domains and 
1 5 ligands are not specific to the PDZ domain or the PL individually, but are instead specific for 
each unique pair. Clearly, both TIP-1 and DLGl proteins Irave different dissociation constants 
■for different ligands. Interestingly^ Vv^e observe that CD95 has similar dissociation constants 
for both TIP-1 and DLGl. Though CD95 has similar dissociation for both pairs, Tax has 
diffei-ent affinities for the same proteins. Hence, if a specific PL bound PDZ 'A' with 'X' Kd 
20 and PDZ 'B' with 'Y' Kd, one could not assume that another PL that bound PDZ 'A' with 'X' 
Kd would bind PDZ 'B' with ' Y' Kid. This shows the unique and specific nature of PDZ:PL 
interactions, 

K?CAMPLB4 

TAX and CD95.CompetLtion for TIP-1 binding in vitro 

25 

The differing affinities of Tax and CD95 peptides for GST-TIP-1 suggest that 
competition between these two can be a inechanism for the oncogenicity of viral infection. 
Upon infection, the hi^ea- affinity of Tax could preferraitiaUy bind TIP-1 protein available in 
the cell, removing the TIP-1 bound to CD95 (Fas) and thereby rendering the cell less able to 
30 undergo apoptosis. In order to test this, competition experiments between Tax and CD95 for 
TIP-1 binding were perfonued using the 'G Assay', but adding additional unlabeled competitor 
peptide at step 9 of the *G Assay' presented in EXAMPLE 3 section D. 
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EIGDRE:s 2B and 2C show the iBSutts of these experiments. The graphs diow the 
amount of binding of the biotinylated 20 Etmino acid peptide in the prraatjce of increasing 
concentrations of unlabeled 8 amino add corapetiEor. FIGUKE 2B shows that 20, 100, and 
500 pM Tax is able to compete for binding to TTP-l with 20 labeled CD95. FIGtfRE 2C 
5 shows that it takes 1 00-500 nM unlabeled CD95 peptide to compete for binding of 1 |jM Tax 
to TEP-l. Talcen together, a 5-fold excess of Tax is able to compete effectively for TDP-l 
binding while it takes nearly a 500-fold excess of CD95 binding to interfere with the binding 
of Tax to TIP-1. This proYides flirfher support for tlie argumeant tliat Tax has a significantly 
higher afSnity for TlP-1 thm does CD95. 

10 

HPV E6 Oncogene and PDZ proteins 

1 5 This example demonstrates tlie use of PL sequence motifs identified 

according- the to the invention in the prediction of biological function ui an oncogenic virus. 

Hxmimi papilloma virus (HPV) infection plays a role in devebpment of cervical 
carcinoma. The oncoprotein responsible for this is the early gene E6 from strains 16, 18 and 
31. E6 associates with p53 and shunts this tumor suppressor into the ubiqiiitin proteosonial 

20 patliway to affect Iransfbrmation. Using the PL motifs disclosed herein, we noted that the E6 
fi-om oncogenic strains HPV 16, IS and 3 1 are PDZ ligands (PLs) with the carboxy-teiminal 
sequence of ETQ(V/L), Similarly, tlie E6 of oncogenic strain HPV66 has 1iie carboxy- terminus 
ESTV, which also matches the consensus PDZ binding motif. 

We performed an expanded search of the HPV B6 proteins and discovered 

25 HPV70E6fitsperfectlyfhedesc3rfbedPDZconsensusETQV,idaiticaltoHPViSand31. We 
can thus predict that HPV70 is likely oncogenic on the basis iJiat E6 is a PDZ ligand. Other 
HPV strains with E6 protsras that are potential PLs (based on motife) indnde 63 (LYII), 66 
(BSTV), 33 (ETAL), 52 (VTQV), 58 (QTQV^, and 35 (ETEV). Strains 77 (QSRQ) and 80 
(GSIE) can also be PLs, although the motif matches less strongly. Others, such as E6 proteins 

30 from HPV strain 57 (RTSH) and 77 (C^IRQ) do not appear to be ohcpgeaic and do not match 
any known consensus for PDZ binding. 

To identify PDZ domains that can be bound by oncogenic HPV E6 proteins we 
synthesized peptides corresponding to Uie C-termini of several oncogenic and non-oncogenic 
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B6 protetos (TABLE 8). These were run in the 'G Assay' (EXAMPLE 3) against a variety of 
PDZ domains. We found that oncogenic E6 proteins with piedicfed. PLs bound a variety of 
FDZ domains at varying aMnities (TABLE 7 and TABLE 12). In addition, non-oncogenic 
E6 px>teins from strains 57 and 77 didnot bind any of fbe PDZ domains tested (TABLE 7 and 
5 TABLE 12 and data not shown). 

InhibitorB of the interaction of Ihe PDZ and onoogenic E6 PLs could be identified using 
the methods of the invention and could be useM for inhibition of E6-mediated trajosformation. 
Such inhibitors (e.g., small molecules, peptides or recombinant proteins) could be 
administered to patients (e.g., by local application to fee vaginal vavdt and the uterine cervix) 
10 to treat or prevent cervical carcinoma. Diagnostic assays for oncogenic HPV are carried out 
using the seqnaices corresponding to the HPV B6 PL to design polynucleotide (e.g., PGR) or 
antibody probes that distinguish E6 proteins that are PLs from those that are not PLs. 

EXAMPLES 

1 5 Abihty of short ( >10-mer) peptides to compete with 20-meis for binding to PDZs 

A. Introduction 

The potential for unlabeled 8-mers and 3-mers to compete for binding with 
biotiuylated 20-mers to PDZ domains was examined. Interactions between a PDZ domain 

20 and two or more biotinylated peptides mimicking PDZ Hgands identified thiougli the 'G 
Assay' were used as model interactions, Short, 3 or 8 amino acid, unlabeled peptides were 
synthesized by standard tecliniques and used at variable concenti ations with a set 
concentration of biotinylated 20-mcr. Ability of both the 3-mer and 8-mer to inhibit longer 
peptide binding was observed, making PDZ:PL interactions an attractive target for design of 

25 small molecule or peptide therapeutics. 

B. Methods 

Peptides representing the C-taminal 3, 8 or 20 aa.iiiiio acids of a. PDZ ligand 
were synthesized by standard FMOC chemistty and hiotinylated if not used as an unlabeled 
30. competitor. Peptides three anrino adds in length were acdylated to more properly mimic the 
peptide bond without introducing an amino-tesminal charged group. Peptides were puriSed 
by reverse phase high performance liquid chromatogi^hy (HPLC) using a Vydac 218TP CI 8 
Reversed Phase column having the dimeosions of 10*25 nun, 5 ran. Ajqiroximately 40 mg of 
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peptide was dissolved in 2.0 ml of and aqiieooa solutiott of 49.9% acetonitrile and 0.1% Tri- 
FlnoK) acetic acid (TFA). This solution was tiiqn injected into the HOPLC machiiie torough a 25 
nakdEDn syiinge filter (NfiHipore), Buffers used to get a good separation are (A) distilled water 
wifli 0.1% TFA and (B) 0.1% TFA wifli Acetonitrile. Gradient Segment setup is listed in 
TABLE S telow. 



Table 5 



Time 


A 


B 


1 c 


Flow ra 


te (mVmm) 


0 


95% 


5% 


•!o 


5.00 


30 


5% 


95% 


io 


5.00 



'Ture" fractions wecie coilected, checked by mass spectrometry, and lyopMlized (for 
stability). Wliem ready to use, peptides were dissolved to ImM concentration in PBS, pH7, 
or dH20 and further diluted in PBS containing 2% BSA for use in the G Assay. 

PDZ domain-containing genes used in these experiments include DLGl and 

PSD95: 

Homo sapiens Post-synaptic densitv-95 (PSD-95) 

Acc#: U83192 
GI#: 331S652 

Cloning sites: BamHl/EcoRl 

• Construct (N-C); 
vector; pGEX-3X 

For sequence, refer to TABLE 9 : protein spam fiom amino tenninal end of fli'st PDZ domain 
to carboxy-terminal end of third PDZ domain in frame with GST in vector. 

Primer: 

8PSF1 (Nl 150 - Nl 173) 5--TCGGATCCTTGAGGGGGAGATGGA-3' 
11PSR2 (N2191 -N2168) 5'-TCGGAATTCGCTATACTCTTCTGG-3' 

Homo sapiens Diaos Lar^e Pr otein, isofotm 1 fPLG-H 

Acc#: U13897 
GI#: 475816 

Cloning sites: BamHI/EcoRl 

• Construct (N-C); 
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vector. pGEX-3X 

For sequence, refer to TABLE 9^ protein spans from amino taminal esnd of first PDZ domain 
to carboxy-terminal end of tbird PDZ domain in firatne with GST in vector. 

5 Primei: 

IDPl (N815-N837)5'-TCGGATCCAGGTrAATGGCTCAG"3' 
3DR2 (N1850-N1S27) 5'-TCGGAATTCGACGTQACTCTTCGG -3' 

UNA represaaling the putalive cpen reading fiames of htiman PSD-95 and DLG^ 1 were 
10 amplified by PGR and cloned into the pGEXoX vector (Amershain-Phaimacia) to generate a 
GST-jflision vector. GST-ftigion proteins were produced as recommended by llie Pliaiinacia 
protocol by inducing this vector witti IPTG in DBBa. Cells were lysed and purified by 
glutalMone-sepharose chromatography according to mimufaotunar's instructions (Pharmacia). 
PnrlSed protein was dialj/zed against storage buffer (PBS with 25% glyoerol) and stored at— 
15 20°C (short tenn) or-80*'C (long tenn). 

The G Assay was performed as described in EXAMPLE 3 with the exception that 
when a short competitor was used, 30ul of competitor peptide (at twice the final 
concentration) was mixed with 30ul biotinylatcd 20-mca: (at twice the final concentration) 

20 and then added to the well. 

PSD-95 and DLG-1 wca-e incubated in the wells at 5ug/ml as described in the G 
Assay protocol. Biotinylated 20-mer peptides used were 20uM CLASP -2, 20iiM CD46, 
lOuM CD95, and lOuM KV1.3 (find sequences of peptides in TABLE 8). Competitors 
(unlabeled, short peptides) tested against each of the biotinylated peptides were 50uM 8- 

25 mei- of CD95, lOOuM S-mer of CD46, 50uM S-mer of CLASF-2, and ImM and SOOuM 
acetylated3-merofCLASP-2. To deduce sequences, refer to TABLE 8. All absoibances 
were read at 450iim after stopping TMB detection reaction at 30min. Results were 
normalized in each group by dividing its A«o by the A^jo of the PDZ / peptide binding in the 
absence of corapetitar and converting to percentage by mtiitiplying by ZOO. 
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Results 
Table 6 



PDZ protein Biotinylated 20-mer 


Cone 


Competitor 


Cone 


% 




uM 




uM 


binding 


PSD-95 CLASP-2 


20 


N/A 


N/A 


100 






CD95 8-mer 


50 


92. 






CD46 8-mer 


100 


81 






CLASP-2 8-mear 


50 


85 






CLASP^a 3-mer 


1000 


63 






CLASP-2 3-mer ' 


500 


82 


CD46 


20 


N/A 


N/A 


100 






CD95 S-raer 


50 


100 






CD46 8-mer 


100 


95 


PDZ protein Biotinylated 20-me3: 


Cone 


Competitar 


Cone 


% . 




vM 




uM 


binding 






CLASP-2 8-mer 


50 


90 






CLA5P-2 3-mer 


1000 


59 






CLASP-2 3-mer 


500 


75 


CD95 


10 


N/A 


N/A 


100 






CD95 8-mer 


50 


75 






Cri46 8-mer 


100 


65 






CLASP'2 8-mer 


50 


80 






CLASP-2 3-mer 


1000 


55 






CLASP-2 3-mer 


500 


55 


KV13 


10 


N/A 


N/A 


100 






v-'Uyj o-mer 










CD46 8-mer 


100 


71 






CLASP-2 8-mer 


50 


82 






CLASP-2 3-mer 


1000 


50 






CLASP-2 3-mer 


500 


81 


DLG-1 CLASP-2 


20 


N/A 


N/A 


100 






CD95 8-mer 


50 


73 






CD46 S-mer 


100 


90 






CLASP-2 S-mer 


50 


93 
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CLASP-23-iii«f 


1000 


59 






CLASP-Z 3-mesr 


500 


61 


CD46 


20 


N/A 


N/A 


100 






CD&5 8-mer 


50 


110 






CD46 8-mfia: 


100 


90 






CLASP-^2 g-mer 


50 


105 






CLASP-2 3-mfir 


1000 


45 






CLASP-2 3-iiicsr 


500 


72 


CD95 


10 


N/A 


N/A 


100 






CD95 8-mer 


50 


70 






CD46 8-raer 


100 


68 






CLASP-2 S-mer 


50 


75 


PDZ protein Biotinylated 20-taer 


Cone 

m 


Competitor 


Cone 
uM 


% 

binding 






CLASP-2 3-mer 


1000 


46 






CLASP-2 3-mer 


500 


51 


KV1.3 


10 


N/A 


N/A 


100 






CD95 8-mer 


50 


84 






CD46 8-mer 


100 


63 



All staadard errors are within 5% of the value. 



TABLE 6 shows that it is possible to have successfiil competition with 3- and 8-mer 
unlabeled peptides against 20-mer biotinylated peptides with a 2.5-100 fold excess of 
unlabeled competitor. Specifically, ImM CLASP-2 acetylated 3-mer can successfiilly 
reduce labeled Hgand binding up to 50% (50-100-foM excess), WiSi DLG-I, the 50uM 
CD95 8-mer can successMly reduce binding of CLASP-2 and CD95 labeled ligand 
approximately 30% at only 2.5 to 5-jfold excess. 

EXAMPLE 7 
Antagowisfts and Agonists of PDZ/PL Interactions 

A. fatrodiiotion 

Many FDA approved drugs have unknown mechaanism of function. It is quite 
possible that some of these drugs function by disrupting or increasing PDZ/PL intesractions. 
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This possibility was examined by tising fhe 'G Assay' (Bjrample 3 section D). FDA 
approved drugs were incubated in the presence of the labeled peptide and compared to the 
same interaction without drug to detennine if there was an effect on specific PDZ;PL 
interactions (drugs added wiQi peptide at step 9 in Example 3D). The primary focus of this 
5 experiment was on drugs involved in treatment of depression (amitriptyline, desdpramine, 
trimipramine, benztropinei, and nortryptilhne) and epilepsy (valproic acid). No modes of 
action are known for these drags. 

The FDA approved drugs used in this study are listed in TABLE 1 i , Therapeutic 
10 dose was determined by guidelines given in the Physician's Desk Reference and in the 
assay, 200 times this amount was used. If a dosage range was given, the upper ead of the 
■ range was used. Each interaction listed in TABLES 1 OA & B was tested in the 'G Assay' 
(see Example 3) against each of the drugs listed in TABLE 11. The concenh ation of GST- 
fusion protein and peptide used in the assay represent the Kd and were determined by 
1 5 titration. These vahies can be fbimd in TABLE 7. The dings were added to the peptide 
before addition to the well contauiing the PDZ protdn. Otherwise, the ass^ was carried 
out as described and read at 450nm after 30 minutes of developing. For the sequences of 
the PDZs and PLs used in these tests, see TABLES 8 & 9. 

20 . B. Results 

As can be seen m TABLE lOA, agonist effects can be seen up to 4.3 fold higher 
than in the absence of drug, as in tlie case of AF6 and presenilin-1 in the presence of 
amitriptj.'line. Antagonistic effects have been demostrated here up to 4.2 fold higher, as in 
the cases of ZO-2 domain 1 and DNAM-1 in the presence of desipramine or nortryptilline 

25 and examples ai-e listed in TABLE 1 DB. 

Many agonist and antagonist effects can be seen when the drags are incubated with 
PDZ/PL interactions. These results seem quite reasonable as the antidepressants used are 
from the tiicycHc class and predominantly affect interactions where the peptide is known to 
function pi-edominantly in the brain, e.g., piescnilin 1 & 2 and norepinephrine transporter 

30 (NET). Tlaese results suggest that small molecules and (herdpaitic compounds can be used 
to modulate the binding between PDZ domains and their ligands. 



wo 03/014303 



PCT/l]S02a4655 



Table lOA 



Agonists 010726 



5 



10 





PDZ domain 


PL 


Drug 


Change in OD 




. ZO-3 1/3 


Presenilin (11 3L) 


Amitfiptyline 


1.2 to 3.6 


ZO-3 1/3 


PresemliTi(115L) 


Desipramine 


1.2 to 3.3 


AB6 


Presenilin (11 5L) 


Atnitriptyline 


0.4 to 1.7 


I>VL2 ■ 


Presenilin (115L) 


Amitriptyline 


0.3 to 0.9 


hSyntenin 


Presenilin (11 5L) 


Atnitriptyline 


Lite 2.7 


hSyntemn 


Presenilin (11 5L) 


Desipramine 


1.1 to 2.3 


hSyntenin 


Presenilin (11 5L) 


Trimpramine 


LI to 2.2 ■ 


FLJ10324 


Presenilin 2 (11 7L) 


Desipramine 


0.4 to 0,8 


Pai-3 3/3 


Presenilin 2 (IITL) 


Desipramine 


0.6 to 2.1 


Mupp-1 7/13 


Presenilin 2 (IITL) 


Desipramine 


0.5 to 1,0 


TIP-1 1/1 


LPAP(3(JL) 


BenztFOpine 


1.1 to L6 




Table lOB 
Antagonists 010726 




mZ (DOMAIN) 


PL 


DRUG 


CHANGE IN OD 


ZOl 2/3 


NET (258L) 


Iraiprgimne 


0.8 to 0.4 


Atr-P (1/6) 


DNAM (22L) 


Desiprimine 


4 to 1.5 


BAI-1 (2/6) 


DNAM(22L) 


Desiprimine 


4 to 1.8 


ZO-2 (1/3) 


DNAM (22L) 


Desiprimine 


2.1 to 0.5 


ZO-2 (1/3) 


DNAM (22L) 


Nortryptilline 


2.1 to 0.5 


Hemba 1003117 


Presenilin 2 (117L) 


Valproic Acid 


L2to0.8 


Par 3 (3/3) 


Presenilin 2 (117L) 


Valproic Acid \ 0.6 to 0.2 


Mupp-1 (7/13) 


Presenilin 2 (llTL) 


Valproic Acid ] 0.5 to 0.2 


PTPL-l (4/5) 


Presenilin 2 (117L) 


Valproic Acid j 1.4 to 1.1 



List of interactions and therapeutics for which a modulation of binding was 
observed. Concentrations at which the GST-PDZ fusion protein and labeled peptide were 
used can be found in Table 7 or Table 12. Concentration of drug used for each test at cati 
15 be found in Table 1 1 . 'Change in OD' shows the Absorbance of the interaction as 

measured by the 'G Assay' in the absence of drug at the left and the Absorbance of the 
interaction in the presence of drag at the right 



20 



119 



wo 03/014303 



Table 11 



Geaeiic Name 


Commercial Name 


Sigma 
No. 


Mol- 
Weight 


TheraDose 
200xmgpermL 


AMITKDETYLINE 
HYDROCHLOiODE 


Elavil tablets and injefftion 


A 8404 


313.9 


0.66 


A-mOPOffi SULFATE 


Domiatal Elbdr / Tablets 


A 0257 


676.8 


0.0044 


BENZTROPINE MESYLATE 


Cogetin Injection / Tablet 


B8262 


403.5 


O.0O42S 


CROMOLYN SODIUM 


Oastrocrom Capsules 


C0399 


512.3 


0.8S 


DESIPRAMINE 
HYDROCHLORIDE 


Nopramin Tal>Iets 


D3900 


302.8 


1.32 


Imipramine Hd 




113-52-0 


317 


0.88 


NORTRIPTYLINE 
HYDROCHLORIDE 


PAMELOR CAPSULES 


N7261 


299.8 


0.11 


TRIMIPRAMINE MALEATE 


SURMONTIL CAPSULES 


T3146 


410.5 


0.44 


VALPROATE SODIUM 


DEPAOONMrECTlON 


P4543 


166.2 


3 


VALPROIC ACm 


DEPAKENE CAPSULES 


P6273 


144.2 


2 



List of drags used itj Example 7. Therapeutic dose was determined by the ■■ 
5 Physician's Desk Reference, Ifarangeofdoses was given, the higher dose was used. In. 
the G Assay, 200 times therapeutic dose was used, as i-epresented in the column. 

It should be utideistood that the examples aad embodiuieuts described herein | ; 

10 are for illush-ative purposes only and that various modifications oi changes in light thereof 

will be suggested to persons skilled in the art and are to be included within the spirit and i 
purview of this application and scope of the appended claims. All pi*lications, patents, and ' - 

patent applications cited herein are incorporated by reference in their entirety for all 

purposes to the same extent as if each individual publication, patent or patent jgjplication. :v 
15 were specifically and individually indicated to be soincoiporatsd by reference. 

■ ■ t 
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AVCID IPL 
j 


Peptide 
Optimal 
Cone 


PDZ 


PDZ 
Domain 


Protein 
Optimal 
Cone 


Classifi 
cation 


M01.1 jCiasp-1 


0 


Mint1 


1,2 


0 




Ciasp-1 


0 


KIAA807 




0 


■| 


Clasp-1 


0 


KIAADe07(S) 


1 


0 




Clasp- 1 


0 


AIPC 


1 


0 




AA02.1- CIasp-2 


0 


PTPL-1 


2 


0 




Clasp-2 


0 


PSD95 


1 


0 




Clasp-2 


0 


Outer Membrane 


1 


0 




Clasp-2 ■ 


0 


NeDl,G 


2 


0 




|c]asp-2 


0 


MUPP-I 


13 


0 




jciasp-2 


0 


MUPP--t 


10 


0 




|C!asp-2 


0 


Mint1 


1.2 


0 


1 " 


|Ciasp-2 


0 


KIAA807 




0 


-j 


1 Clasp-2 


0 


KIAA1634 


2 


0 




1 Clasp-2 


0 


KiAA1634 


1 


0 




j Clasp-2 


0 


tNADL 


8 


0 




j Clasp-2 


0 


FU 10324 


1 


0 




!Cta3p-2 


0 


DLG1 


2 


0 


1 


! Clasp-2 


0 


DLG1 


1 


0 




jGlasp-2 


0 


BAl-1 


5 


0 




[Clasp-2 


0 


BAi-1 


2 


0 




[Cla$p-2 


0- 


AIPC 


1 


0 




AA06 |CD6 


0 


KIAA807 




0 


1 — J — 


|CDS 


0 


KIAA0807(S) 


1 


5 




AA07 |CD34 


0 


KIAA0382 


1 


0 


1 


|CD34 


0 


SHANK 


1 


0 




|GD34 


0 


KiAA0147 


1 


0 




!CD34 


0 


PTN-4 


1 


0 




iCD34 . 


. 0 


LIM RIL 


1 


0 




ICD34 


0 


BAl-1 


6 


0 




ICD34 


0 


KIAA1634 


5 


0 




|CD34 


0 


Atrophln-1 Inter. Prot. 


5 


0 




AA09 1 GAI P (G-alph a Interacting 
1 protein) RGS 19 


0 


K]AA1526 


1 


0 




AA092 |alpha-1-syntrophin 


0 


KIAA0807{S) 


1 


0 




AA093 ineurofascin (chicken) 


0 


ZO-2 


2 


0 




neurofascln (chicken) 


0 


ZO-1 


2 


0 


-I 


Ineurofasciri (chicken) 


0 


ZO-1 


1 


0 


-j 


jneurofescin (chicken) 


0 


KIAA1526 


1 


0 


1 


AA095 |GluR5-2 (rat) 


0 


KIAA0303 


1 


0 


1 


)GluR5-2 (rat) 


0 


KIAA0147 


1 


0 


2 


[GluRS-2 (rat) 


0 


PSD95 


1.2,3 


0 


5 


|GluR5-2 (rat) 


0.1 


PSD96 


3 


1 


5 


iGluR5-2 (rat) 


0 


PSD95 


1 


0 


3 


GluRB-2 (rat) 


0 


MUPP-1 


10 


0 


2 


GIUR5-2 (rat) 


0 


MUPP-1 


11 


0 


1 


|gIuR5-2 (rat) 


0.1 


MeDLG 


1,2 


1 


5 


GIUR5-2 (rat) 


0 


NeDLG 


3 


0 


2 


1gIuR5-2 (rat) 


0 


NeDLG 


2 


0 




|GluR5-2{rat) 


0 


DLG2 


2 


0 




|GluR5-2{rat) 


■ 0 


DLG2 


1 


0 




|GluR5-2 (rat) 


0 


K1AA1719 


3 


0 




GluR5-2 (rat) 


0 


DLG1 


3 


0 




!GiuR5-2 (rat) 


0 


DLG1 


2 


0 


2 
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AVCID 


PL 


Peptide 


PDZ 


PDZ 


Protein 


Classifi 






Optlmsl 




Domain 


Optimal 


cation 






Cone 






Cone 






G!ijR5-2 (rat) 


0 


DLG1 


1 


0 


2 




GIUR5-2 (rat) 


0 


DLG1 


1,2 


0 


5 




GluR5-2 (rat) 


0,15 


KIAA1634 


1 


0.1 


5 




GluR5-2 {rat) 


0.3 


BAl-1 


2 


1 


5 




GluR5-2 (rat) 


0 


atrophln-1 ■ interacting 


1 


0 


1 


















GluR5-2 (rat) 


0 


K1AA0807{S) 


1 


0 


1 


AA098L 




0 


T1P1 


1 


0 


1 




CD46 


0 


KIAA0973 


i 


0 


2 




CD46 


0 


Mint 1 


2 


0 


1 




CD46 ' 


0 


BAI-1 


5 


0 


1 


AA105 


CX43 (connexin 43) 


0 


ZO-2 


2 


5 


1 




CX43 (connexin 43) 


0 


ZO-1 


2 


0 


2 


AA106 


Kir2.1 (inwardly reel. K+ 


0 


PSD95 


1,2,3 


0 


2 


















Kir2.1 (inwardly rect. K+ 


0 


NeDLG 


1,2 


0 


1 


















Kir2_1 (Inwardly rcct. K+ 


0 


Outsr Membrane 


i 


0 


4 


















Klr2.1 (Inwardly rect. K+ 


0 


DLG2 


2 


0 


1 


















Kir2.1 (inwardly reel, K+ 


0 


DL61 


2 


0 


1 


















Kir2.1 (inwardly rect, K+ 


6 


DLG1 


1,2 


5 


2 


















Kir2.'l (Inwardly reel. K+ 


0 


KIAA1634 


1 


0 


1 


















Kir2,1 (inwardly reel. K+ 


0 


atrophin-1 interacting 


1 


0 


1 




channel) 




Protein 








AA108.1 


GLUR2 (glulamate receptor 
2 


0 


PSD95 


1.2.3 


0 


2 




GHJR2 (Slutamate receptor 
2 


0 


NeDLG 


1,2 


0 


2 




GLUR2 (glutamate receptor 
2 


0 


KIAA1634 


1 


0 


4 




GLUR2 (glutamate receptor 
2 


. 0 


KIAA0807(S) 


1 


0 






GLUR2 (glutamate receptor 
2 


0 


KIAA0147 


1 


0 






GLUR2 (glutamate receptor 
2 


0 


EWIGMA 


1 


0 






GLUR2 {glutamate receptor 
2 


0 


DLG2 


2 


0 






GLLIR2 (glutamate receptor 

2 


0 


DLG1 


2 


0 






GLUI^ (glutamate receptor 
2 


0 


DLG1 


1,2 


0 


2 




GLUR2 (glutamate receptor 
2 


0 


AlPC 


1 


0 


2 


AA111 


eptirin A2 


0 


KIAA0382 


1 


0 


1 




eptirin A2 


0 


MUPP-1 


11 


0 


1 




eptirln A2 


0 


Mint1 


2 


0 


1 




epbrin A2 


0 


KIAA1719 


6 


0 


1 
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AVCID 


PL 


Peptide 
Optinnai 
Gone 


PDZ 


PDZ 

Ctomain 


Protein 
Optimal 
Gone 


Classifi 
cation 


AA112 


GfuR delta-2 


0 


Outer Membrane 


1 


0 


2 




GfuR deiia-2 


0 


KIAA807 




0 


3 




GfuR dfiUa-2 


0 


KIAA152e 


1 


5 


2 




GluR delt&-2 


4 


KIAA0807(S) 


1 


0.6 


4 


AA113 


SSTR2 (somatostatin 
rscepor 2) 


0 


GRIP1 


7 


0 






SSTR2 (somatostatin 
recepor 2) 


0 


KIM0382 


1 


0 






SS*n^ (somatostaSIn 
recepor 2) 


0 


SHANK 


1 


0 






SSTR2 (somatostatin 
r©c6por 2) 


0 


Mint1 


1,2 


0 






SSTR2 (somatostatin 
recepor 2) 


0 


Mint 1 


2 


0 






SSTR2 (somatostetin 

recepor 2) 


0 


KIAA807 




0 






SSTR2 (somatostatin 
recepor 2) 


0 


l<IMi719 


6 


0 






SSTR2 (somatostatin 
recepor 2) 


0 


KIAA1526 


1 


0 






3STR2 (somatostatin 
recepor 2) 


g 


KIAA0807(S) 


1 


0 




AA114 


GLUR7 (metabolropic 
giutaniate receptor) 


0 


DLG1 


2 


0 


r-— 




GLUR7 (metabolropic 
glulamate receptor) 


0 


KIAA1634 




0 






GLUR7 (metabolropic 
giutarrist© rsceptor) 


0 


PAR3 


3 


0 




AA115 


presenilln-1 


0.1 


ZO-3 


1 


1 






presenilin-1 


0 


20-2 


1 


0 






presenilin-l 


0 


ZO-1 


1 


0 






preseni!in-1 


0 


Unnamed Protein 


2 


0 






preseniiin-l 


0 


TIP1 


1 


0 






presenllin-'l 


0 


KIAA0147 


3 


0 






preseniiin-1 


0.2 


INADL 


8 


5 


3 




presenitin-1 


0 


PTPL-1 


4 


0 


4 




presenilin-1 


0 


INADL 


5 


0 


2 




presenilin-1 


0.2 


INADL 


3 


0.5 


5 




presenilin-1 


0.1 


tiSyntenin 


1 


5 


3 




presenilin-1 


0.1 


HEiVSBM 003117 


1 


0.65 


6 




preseniiin-1 


0 


MUPP-1 


10 


0 


2 




preseniiln-1 


0 


iVIUPP-1 


11 


0 


1 




preseniiin-1 


0 


tiAPXL 


1 


0 


1 




preseniiin-1 


0 


P55T 


1 


0 


1 




preseniiin-1 


- 0 


N0S1 


1 


0 


2 




preseniiffi-l 


0,15 


GRiPi 


6 


5 


3 




presenilin-1 


0.3 


MUPP-1 


9 


0.5 


5 




presenl!in-1 


0 


MUPP-1 


8 


0 


1 




presenilin-1 


0,03 


MUPP-1 


7 


1 


5 




presenilin-1 


0 


MUPP-1 


6 


0 


1 




presenilin-l 


0 


FLJ216S7 


1 


0 


1 




presenilin-l 


0 


FLJ 10324 


1 


0 


5 




preseniiin-l 


0 


MUPP-1 


2 


0 


2 
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AVC ID 


PL 


Pepfide 
Optimal 
Cone 


PDZ 


PDZ 
Domain 


Protein 
Optima! 
Cone 


Classifi 
cation 




presenflin-1 


0 


MPP2 


1 


0 


1 




presetiilln-1 


0.03 


Minti 


1,2 


0.5 


5 




pr6S6tillln*1 


0.1 


Mintl 


2 


1 


4 




presdnilin-l 


0.1 


Mintl 


1 


5 


4 




pr88enilin-1 


0 


LIM-Mystlque 


1 


0 


2 




presenilin-1 


0 


LIM RIL 


1 


0 


2 




prBSGtiilin^l 


0.2 


KIAAS07 




5 


4 




presenilin-l 


0.1 


DVL2 


1 


0.5 


4 




pirB96nilln'^1 


■ 0 


KIAA1719 


6 


0 


5 




pr6SGn[lin-1 


0 


KIAA-1 71 9 


5 


0 


3 




pr8S6ninn-1 ■ 


0 


CASK 


1 


0 


2 




prssenilln-1 


0 


K1AA1 534- 


5 


0 


2 




presenilin-1 


0 


KIAA1 634 


4 


0 


2 




pr6S6ntl!ri-*1 


0 


BAI-1 


2 


0 


2 






0.2 
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2C 


0 


INADL 


5 


0 


1 




NMDA Glutamate Receptor 
2C 


0 


INADL 


3 


0 


2 




NMDA Glutamate Receptor 
2C 


0 


PSD95 


1.2,3 


0 


5 




NMDA Glutamate Receptor 

2C 


0 


PSD95 


3 


0 


2 




NMDA Glutamate Receptor 

2C 


0 


PSD95 


1" 


0 


5 




NMDA Glutamate Reciter 
2C 


0 


KIAA0973 


1 


0 


1 




NMDA Glutamate ReceptcM" 
2C 


0 


KIAA1095 


1 


0 


1 




NMDA Glutamate Receptoi' 
2C 


0 


MUPP-1 


10 


0 


1 




NMDA Glutamate Receptor 
2C 


0 


i'.1UPP-1 


13 


0 


5 




NMDA Glutamate Realtor 
2C 


0 


NeDLG 


1,2 


0 


5 




NMDA Glutamate Rec^toi- 

2C 


0 


hAPXL. 


1 


0 


1 




NMDA Glutamate Receptee 
2C 


0 


Outer Membrane ■ 


1 


0 


5 




NMDA Glutamate Receptor 
2C 


0 , 


N0S1 


1 


0 


1 




NMDA Glutamate Receptor 
2C 


0 


NeDLG 


3 


0 


1 




NMDA Glutamate Receptor 
2C 


0 


NeDLG 


2 


0 


5 




NMDA GiuEamate Receptor 

2C 


0 


NeDLG 


1 


0 


2 




NMDA Glutamate Receptor 

2C 


0 


MUPP-1 


5 


0 


1 




NMDA Glutamate Receptor 
2C 


0 


FLJ 11215 


1 


0 


1 




NMDA Glutamate Receptor 
2C 


0 


FLJ 0001 1 


1 


0 


2 




NMDA GiuEamate Receptor 
2C 


0 


Minti 




0 


1 




NMDA Glulamate Receptor 

2C 


0 


MInfl 


2 


0 


1 




NMDA Glulamate Receptor 
2C 


0 


LiMK1 


1 


0 


1 




NMDA Glulamate Receptor 

2C 


0 


LIM-Mystique 


1 


0 


4 
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AVCID 


PL 


Peptide 
Optimal 
Cone 


PDZ 


PDZ 
Domain 


III 


Ciassifi 
cation 




NMDA Glutamafe Receptor 

2C 


0 


Ert)ln 


1 


0 


4 




NMDA Glutamafe Receptor 
2C 


0 


LiM RIL 


1 


0 


5 




NMDA Qfutamate Receptor 
2C 


0 


KIAA807 




0 


4 




NMDA 0[utamats Receptor 
2C 


0 


DLG2 


2 


0 


5 




NMDA Glutamate Receptor 
2C 


0 


DLG2 


1 




4 




NMDA Glutemate Receplra- 
20 


0 


DL61 


2 




5 




NMDA Glutamate RecepttM" 

2C 


0 


DLG1 


1 




5 




NMDA Glutamate ReceptcH- 

2C 


0 


DLG1 


1,2 




5 




NMDA Glutamate Receptor 

2C 


0 


K1AA1634 


5 




1 




NMDA Glutamate Receptor 
2C 


6 


BAI-1 


6 




2 




NMDA Glutamate Receptor 

2C 


0 


K1AA1634 


4 




1 




NMDA Glutamate Receptor 
2C 


0 


BAI-1 


6 




4 




NMDA Glutamate Receptor 
2C 


0 


K!AA1634 


2 




3 




NMDA Glutamate Receptor 

2C 


0 


KiAA1634 


1 




5 




NMDA Glutamate Receptor 
2C 


0 


BAi-1 


4 


0 


3 




NMDA Glutamate Receptor 

ac 


0 


8Ai-1 


3 


0 


1 




NMDA Glutamate Receptor 
2C 


0 


BAI-1 


2 




4 




NMDA eiulamale Receptor 
2C 


0 


Atrophin-1 Inter. Prot 


5 


0 


5 




NMDA Glutamate Receptor 

2C 


0 


KIM1526 . 


1 


0 


3 




NMDA Glutamate Receptor 

2C 


0 


atrophln-1 interacting 

Protein 


3 


0 


2 




NMDA Glutamate Receptor 

2C 


0 


atrophln-l interacting 
Protein 


1 


0 


5 




NMDA Glutamate Repeptor 

2C 


0 


AlPC 


1 


0 


3 




NMDA Glutamate Receptor 

2C 


0 


KIAA0807(S) 




0 


5 


AA182L 


ephrin B2 


0 


ZO-3 




0 


1 




ephrin B2 


0 


ZO-2 




0 


1 




ephrin B2 


0 


ZO-2 




0 


1 




eptirin B2 


0 


ZO-1 




0 


2 




ephrin B2 


8 


ZO-1 




5 


3 




ephrin B2 


0 


X1l-beta 




0 


1 




ephrin B2 


0 


X11-beta 




0 


2 
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PCT/ITS02/24«35 



AVOID 


PL 


Peptide 
Optimal 
Cone 


PDZ 


PDZ 

Domain 


Protein 
Optimal 
Cone 


Ciassifl 
cation 




ephrin B2 


0 


T1P1 




0 


2 




ephrln B2 


0 


KIAA0382 




0 


2 




ephiin B2 


0 


KEM034Q 


1 


0 


2 




ephrln B2 


■ 0 


KiAA0300 




0 


2 




ephrln B2 


0 


Synlrophin gamma-l 




0 


2 




ephrin B2 


5 


SITAC-18 


2 


5 


3 




ephrln B2 


4 


SITAC-18 


1 


5 


3 




ephrin B2 


0 


SIP1 


2 


0 


2 




ephrin B2 


0 


KIAA0147 


4 


0 


2 




^hrin B2 


0 


PTPL-1 


4 


0 


2 




ephrin B2 


a 


PTPL-1 


2 


0 


2 




ephrin B2 


0 


ilMADL 


3 


0 


2 




ephrin B2 


0 


PR(L16 


1,2 


0 


2 




ephrin B2 


0 


hSyntenin 


2 


0 


2 




ephrin B2 


0 


KiAA0973 


1 


0 


2 




ephrin B2 


0 


hSyntenin 


1 


0 






ephrin B2 


0 


HEMBA 1003117 


1 


0 






ephrin B2 


0 


MUPP-1 


11 


0 






ephrin B2 


0 


hAPXL 


i 


0 


r 




ephrin B2 


0 


Novel PDZ 


1 


0 






ephrin B2 


0 


NeDLG 


3 


0 






ephrln B2 


0 


NeDLG 


2 


0 






ephrin B2 


0 


PDZK-1 


3 


0 






ephrin B2 


0 


GR1P1 


6 


5 






ephrin B2 


0 


GRIP1 


5 


0 






ephrir) B2 


0 


GRIP1 




0 







ephrin B2 


0 


I\/1UPP-1 


6 


0 






ephrin B2 


0 


MUPP-1 


4 


0 






ephrin 62 


0 


IVlUPP-1 


3 


0 






ephrin B2 


0 


FU 10324 


■f 


0 






ephrin B2 


0 


FLJ 0001 1 


1 


0 






ephrin B2 


0 


Mint 1 


1,2 


0 






ephrin B2 


0 


EZRlhJ Phos BP. 


1 


0 






ephrin B2 


3 


iVlintl 


2 


5 






ephrin B2 


0 


l^intl 


1 


0 






ephrin B2 


0 


LiM-Mystique 


1 


0 






ephrin B2 


0 


LIM RIL 


1 


0 






ephrin B2 


0 


KIAA807 




0 






ephrin B2 


0 


DLG5 


2 


0 


i 




ephrin B2 


0 


DLG1 


3 


0 






ephrin B2 


0 


KIAA1719 


5 


5 






ephrin B2 


0 


GARD14 


1 


0 






ephrin B2 


0 


KIAA1719 


1 


0 






ephrin B2 


0 


BAI-1 


6 


0 






ephrin 82 


0 


KIAA1634 


2 


0 






ephrin B2 


0 


A1rophin-1 Inter. Prot. 


6 


0 






ephrin B2 


. 0 


Alrophin-i inter. Prot 


5 


0 






ephrin B2 


5 


KIAA1526 


1 


5 






ephrin B2 


0 


K!AA1415 • 


1 


0 






ephrin B2 


0 


atrophin-1 interacting 
Protein 


3 


0 






ephrin B2 


0 


KIAA1284 


1 


0 






aohrin B2 


0 


PDZK-1 


1 


0 
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PC:T/US02/24&5S 



AVCID 


PL 


Peptide 
OptliTial 
Cone 


PDZ 


PDZ 
Domain 


Protein 
Optimal 
Cone 


Classlfi 
cation 




ephrin B2 


0 


A3PC 


4 


0 


=^ 




ephrin B2 


0 


AtPG 


3 


0 






ephrin B2 


0 


AFC 


1 


0 






ephrin B2 


0 


PAR3 


3 


0 






gphrin B2 


0 


KIAA0S07(S) 


1 


0 






ephrin B2 


0 


ZO-3 


3 


0 






ephrin B2 


0 


ZO-3 


2 


0 




M183L 


RhoGAP 1 (PTPL1- 
associaled) 


0 


PTPL-1 


4 


0 




AA185L 


RGS12 (regulator of G- 
proteln signaling 12 


0 


ZO-2 


1 


0 






RGS1 2 (regulator of G- 
protein signaling 12 


0 


ZO-1 


1 


0 






RGS1 2 (regulator of G- 
protein signaling 12 


0 


TIP1 


1 


0 






RGS12 (regulator of G- 
protein signaling 12 


° 


PTPU-1 


4 


0 






RGS12 (regulator of G- 
proleln signaling 12 


0 


PIST 


1 


0 






RGS1 2 (regulator of G- 
proteln signaling 12 


0 


HEIWBA 1003117 


1 


0 


1 




RGS12(re3iaatorofG- 
proteln slqnalfnfl 12 


0 


MUPP-1 


11 


0 


1 




RGS12 (regiflatorofG- 
prote In signaling 12 


0 


FU 10324 


1 


0 


1 




RGS1 2 (regulator of G- 
protein signaling 12 


0 


DLG1 


1,2 ■ 


0 






RGS12 (regulator of G- 
protein signaling 12 


0 


AF6 


1 


0 




AA190L 


ephrin HI 


0 


PTPL-1 


4 


0 






ephrin B1 


0 


MUPP-1 


9 


0 






ephrin B1 


0 


lVlUPP-1 


7 


0 






ephrin 81 


0 


MUPP-1 


3 


0 






ephrin B1 


0 


KIAA807 




0 







ephrin B1 


0 


KiAA0807{S) 


1 


0 




AA192L 


JAM (ji^nctional adhesion 
molecule) 


0 


PTPL-1 


4 


0 


1 




JAM Ou notional adhesion 
molecule) 


0 


IWADL 


3 


0 


1 




JAM (junctional adhesion 
molecule) 


0 


AF6 


1 


0 


1 


AA205L 


serotonin receptor 5-HT-2C 


0 


INADL 


8 


5 


1 




serotonin receptor 5-HT-2C 


0 


MUPP-I 


10 


5 




AA206L 


CfTRON protein 


0 


T1P1 




0 






CrTRON proteSi 


0 


KIAA038O 


1 


Q 






CITRON protein 


0 


Synt. 1 alpha 


1 


0 






CITRON protein 


0 


INADL 


8 


0 






CITRON protein 


0 


KIAA0973 


1 


0.5 


5 




CITRON protein 


0 


MUPP-1 


10 


0 


1 




CITRON protein 


0 


Outer Membrane 


1 


5 


4 




CtTRON prote&i 


0 


NeDLG 


3 


5 


3 
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PCTAJS02/24*S5 



AVCID 


PL 


Peptide 


PDZ 


PDZ 


Protein 


Classlfi 






Optimal 




Dotnan 


Optimal 


cation 






Gone 






Cone 






CITRON protein 


7 


Erbin 


1 


5 


4 




CITRON protein 


0 


KiAA807 




0 


4 




CITRON protein 


0 


DLG1 


2 


0 


2 




CITRON protein 


0 


BAI-1 


5 


0 


2 




CITRON protein 


8 


KIAA1634 


4 


5 


3 




CITRON protein 


0 


KIAA1526 


1 


0 






CITRON protein 


1 


KIAA0807(S) 


1 


0.1 






CITRON protein 


0 


ZO-3 


3 


0 


""■"■f ■ 


AA207L 


Nedasin (s-form) 


0 


T1P1 


1 


0 






Nedasin (s-form) 


0 


KIAA0380 


1 


0 






Nedasin (s-fomn) 


0 


INADL 


8 


0 






Nedasin (s-fomi) 


0 


PSD95 


1^,3 


0 






Nedasin (s-form) 


0 


NeDLG 


1,2 


0 






Nedasin (s-form) 


0 


Minti 


1,2 


0 






Nedasin (s-form) 


0 


KIAA807 




0 . 






Nedasin (s-fonn) 


0 


DLG1 


1,2 


0 






Nedasin (s-form) 


0 


BAl-1 


8 


0 






Nedasin (s-form) 


0 


KIAA1634 


1 


0 






Nedasin (s-form) 


• 0 


BAl-1 


2 


0 




AA210L 


APC- adenomatous 


0 


TIP1 


1 


0 






polyposis ooli protein 














APC- adenomatous 


0 


KIAA0382 


1 . 


D 






polyposis coli protein 














APC- adenomatous 


0 


KiAA0147 


1 


0 






polyposis coli protein 














APC- adenomatous 


0 


INADL 


8 


0 






polyposis coli protein 














APC- adenomatous 


0 


PSD95 


1,2,3 


0 






polyposis GofI protein 














APC- adenomatous 


0 


MUPP-1 


10 


0 






polyposis coll protein 














APC- adenomatous 


0 


NeDLG 


1,2 


0 






polyposis Goli protein 














APC- adenomatous 


0 


Outer Membrane 


1 


0 






polyposis coll protein 














APC- adenomatous 


0 


FLJ 0001 1 


1 


0 


^ 




polyposis coll protein 














APC- adenomatous 


0 


KIAA807 




0 


-j 




polyposis coll protein 














APC- adenomatous 


0 


DLG1 


1,2 


0 


5 




polyposis coli protein - 














APC- adenomatous ' 


0 


BAI-1 


5 


0 


■1 




polyposis coli protein 














APC- adenomatous 


0 


K1AA1634 


2 


0 






polyposis coil protein 














APC- adenomatous 


0 


KIAA1634 


1 


0 






polyposis coli proton 














APC- adenomatous 


0 


BAI-1 


2 


0 






polyposis coli protein 














APC- adenomatous 


0 


K!AAO807(S) 


1 


0 . 






polyposis coli protein 












AA214L 


ErbB-4 receptor 


0 


FTPL-1 


2 


0 






ErbB-4 reoeptOT 


0 


PSD95 


1.2,3 


0 
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PCTAJS03/24655 



AVOID 


PL 


Peptide 
Optimal 
Cone 


PDZ 


PDZ 
Domain 


Protein 
Optimal 


Classifi 
cation 




ErbB-4 receptor 


0 


NeDLG 


1.2 


0 


1 




ErbB-4 recsptor 


0 


FU 10324 


1 


0 


i 




ErbB-4 receptor 


0 


DLG1 


1,2 


0 


1 




Ert)B-4 receptor 


, 0 


KiAA1634 


2 


0 


1 




ErbB-4 receptor 


0 


BAI-1 


3 


0 


1 


AA215 


CKR5 HUMAN 


0 


TiP1 


1 


0 


1 




CKR5„HUMAN 


0 


TAX1P2 


1 


0 


1 




CKR5 HUMAN 


0 


Mint 1 


1,2 


0 


1 




CKR5 HUMAN 


0 


KIAA1719 


2 


0 


1 




CKR5 HUMAN 


0 


K1AA1719 


5 


0 


1 




CKR5 HUMAN 


0 


K1AA1834 


1 


0 


1 


AA215 


NMDAR2C 


0 


PTPL-i 


2 


0 


1 




NMDA R2C 


0 


K1AA1634 


2 


0 


1 


AA217 


catenin- delta 2 


0 


TIP1 


1 


0 


3 




catenin- della 2 


0 


Synb-ophln gamma-1 


1 


0 


1 




catenin- delta 2 


0 


KIAA0147 


4 


0 


1 




catenin - delta 2 


0 


KIAA0147 


2 


0 


3 




catenin - delta 2 


0 


INADL 


8 


0 


2 




catenin - delta 2 ■ 


0 


FTPL-1 


4 


0 


1 




catenin - delta 2 


0 


PTPL-1 


2 


0 


5 




catenin - delta 2 


0 


INADL 


5 


0 


1 




catenin - d^ta 2 


0 


PSD95 


1,2,3 


0 


2 




catenin - ddta 2 


0 


PSD95 


1 


0 


1 




catenin - delta 2 


0 


HEI\^BA 1003117 


1 


0 


1 




catenin - delta 2 


0 


Outer Membrane 


1 


0 


5 




catenin - delta 2 


. 0 


NeDLG 


3 


0 


1 




catenin - delta 2 


0 


FLJ 10324 


1 


0 


3 




catenin - delta 2 


0 


Mint1 


1^ 


0 


5 




catenin - delta 2 


0 


Minti 


2 


0 


3 




catenin - delta 2 


0 


Erbin 


1 


0 


4 




catenin - delta 2 


0 


LIM-Mysliqite 


1 


0 


5 




catenin - delta 2 


0 


L!M RIL 


1 


0 


2 




catenin - delta 2 


0 


KIAAS07 




0 


4 




catenin - delta 2 


0 


DLG2 


2 


0 


•] 




catenin - delta 2 


0 


DLG1 


2 


0 






catenin - delta 2 


0 


DLG1 


1 


0 


1 




catenin - delta 2 


0 


DLG1 


1,2 


5 






catenin - delta 2 


0 


KIAA1634 


5 


0 






catenin - delta 2 


0 


BAI-1 


3 


0 






catenin - delta 2 


0 


Atnophin-1 Inter, ProL 


5 


0 






catenin - delta 2 


0 


KIAA1526 


1 


0 






catenin - della 2 


0 


atropliin-l interacting 
Protein 


3 


0 


' 




catenin - delta 2 


0 


AlPC 


1 


0 






catenin - delta 2 


0 


PAR3 


3 


0 






catenin - delta 2 


0 


K!AA0807(S) 


1 


5 


3 




catenin - delta 2 


0 


ZO-3 


3 


5 


3 


AA218 


CSPG4 {chondroitin suffae 
proteoglycan 4, melanoma- 
associated) 


■ 0 


GRIP1 


7 


0 


5 




CSPG4 (ctiondroitin suifae 
proteoglycan 4, melarioma- 
associated) 


0 


ZO-3 


1 


0 


2 
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AVOID 


PL 


Peptide 
Opflmai 
Cone 


PDZ 


PDZ 
Domain 


Protein 
Optimal 
Cone 


Classifi 
cation 




CSPG4 (chondroifin sulfae 
proteogtycan 4, melanoma- 
associated) 


0 


ZO-2 


2 


0 


1 




CSPG4 {chondroifin suifae 
proteoglycan 4, meianoma- 
aseociafed) 


0 


20-2 


1 


0 


5 




CSPG4 (cilondroitin sulfee 
proteoglycan 4, melanoma- 
associated) 


0 


ZO-1 


2 


0 


4 




CSPG4 (chondroitln sulfee 
proteoglycan 4, melanoma- 
associated) 


0 


ZO-1 


1 


0 


5 




CSPG4 (chondroitin sulfae 
proteoglycan 4, melanoma- 
associated) 


0 


X11-beta 


2 


0 


2 




CSFG4 (chondroitin sulfae 
proteoglycan 4, melanoma- 
assoctated) 


0 


TIP1 


1 


0 


1 




CSPG4 (ciiondroitin sulfae 
proteoglycan 4, melanoma- 
associated} 


0 


TIAM-2 


1 


0 


3 




CSPG4 (ciiondroitin suifae 
proteoglycan 4, melanoma- 
associated) 


0 


KIAA0303 


1 


0 


1 




CSPG4 (ciiondroitin suifae 
proteoglycan 4, melanoma- 
associated) 


0 


KIAA0300 


1 


0 


2 




CSPG4 (ciiondroitin sulfae 
proteoglycan 4, melanoma- 
associated) 


0 


INADL 


S 


0 


3 




CSPG4 (ciiondroitin sulfae 
proteoglycan 4, melanoma- 
associated) 


0 


PTPL-1 


4 


0 


5 




GSPG4 (ctiondraitin sulfae 
proteoglycan 4. melanoma- 
associated} 


■ 0 


INADL 


5 


0 


5 




CSPG4 (chondroitin sulfae 
proteogl/can 4, melanoma- 
associated) 


0 


INADL 


3 


0 


3 




CSPG4 (dwndroitin sulfae 
proteoglycan 4, melanoma- 
associated) 


0 


hSyntenln 


1 


0 


2 




CSPG4 (chondroitin sulfae 
proteoglycan 4, melanoma- 
associated) 


0 


HEIVIBA 1003117 


1 


0 


5 




CSPG4 (chondroitin sulfae 
proteoglycan 4, melanoma- 
associated) 


0 


MUPP-1 


10 


0 


4 




CSPG4 (chondroifin sulfae 
proteoglycan 4, nieianoma- 
assoclated) 


0 


MUPP-1 


11 


0 


5 
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AVC ED 


PL 


Peptide 
Optimal 
Cone 


PDZ 


PDZ 

Domain 


Protein 
Optimal 
Cone 


Classifl 
cation 




CSPG4 (chonctroltln sulfae 
proteoglycan 4, melanoma- 
associaled) 


0 


hAPXL 


1 


0 


3 




CSPG4 (chondroitin sulfae 
proteoglycan 4, melanoma- 
associated) 


0 


Outer Membrane 


1 


0 


1 




CSPG4 {chondroitin sulfas 
protsoQlycan 4, iriQlanoma" 
associatedi__ 


0 


N0S1 


1 


0 


2 




CSPG4 {chondroitin sulfas 
protoQ^lyccin 4i msi^inoma" 
associated) 


0 


GRIP1 


5 


0 


1 




CSPG4 (chondroitin sulfae 
protsoglycan 4, melanoma- 
associated) 


0 


MUPP-1 


8 


0 


2 




CSPG4 (chondroitin sulfee 
pnoteoQlycsn 4, rnelcinornB- 
associated) 


0 


MUPP-1 


5 


0 


5 




CSPG4 (chondroitin sulfae 
proteoQlycan 4, msianorna- 
associated) 


0 


FU 10324 


1 


0 


5 




CSPG4 (chondroitin sulfae 
protGoslycan 4, rnelanoma- 
associated) 


0 


IVIUPP-1 


2 


0 


5 




CSPG4 (chondroitin aulfae 
proteoglycan 4, melanoma- 
associated) 


0 


MUPP-I 


1 


0 


2 




GSPG4 (chondroitin sulfae 
proteoglycan 4, melanoma- 
associated) 


0 


MUPP-1 


12 


0 


1 




CSP64 (chondroitin sulfae 
proteoglycan 4, melanoma- 
associated) 


0 


Mlntl 


1,2 


0 


5 




CSPG4 (chondroitin sulfae 
proteoglycan 4, melanoma- 
associated) 


0 


Mint1 


2 


0 


5 




CSPG4 (chondroitin sulfae 
proteoglycan 4, melsffioma- 
associated) 


0 


Mlntl 


1 


0 


2 




CSPG4 (chondroitin sulfae 
proteoglycan 4, melanoma- 
associated) 


0 


LIM-Mystique 


1 


0 


2 




CSPG4 (chondroitin suifae 
proteoglycan 4, melanoma- 
associated) 


0 


Erbin 


1 


0 


3 




CSPG4 (chondroitin suifae 
proteoglycan 4, mel^oma- 
assoclated) 


0 


LIM RIL 


1 


0 


2 




CSPG4 (chondroitin sulfae 
proteoglycan 4, melanoma- 
associated) 


0 


KIAA807 




0 


1 
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catlort 




CSPG4 {chondroitin sulfas 
prot€OQlyc3n 4, rrielanoma- 
associated) 


0 


DVL2 


1 


0 


5 




CSPG4 (chondroitin sulfas 
protsoglycan 4, melanoma- 
aseoclaled) 


- 0 


KIAAl7ig 


6 


0 


5 




CSPG4 (chondroitin sulfae 
proteogjlycan 4, melanortia- 
assoclated) 


0 


KIAA1634 


5 


0 


2 




CSPG4 (chondroitin suifae 
associated) 


0 


BAl-1 


6 


0 


4 




GSPG4 (chondroitin sulfae 
associated) 


0 


KIAA1634 


1 


0 


5 




CSPG4 (chotTdmitin sulfae 
associated) 


0 


BAi-1 


2 


0 


2 




CSPG4 (chondroitin sulfae 
associated) 


0 


Alrophin-1 Inter. Prot. 


5 


0 


2 




GSPG4 (chondroitin sutfae 
associated) 


0 


alrophin-1 interacHng 
Protein 


3 


0 


2 




CSPG4 [chondroitin sulfae 
associated) 


0 


atrophln-1 interacting 
Protein 


1 


0 


1 




CSPG4 (chondroitin sulfae 
proteoglycan 4, melanoma- 
associated) 


0 


AiPG 


1 


0 


S 




CSPG4 (chondroitin sulfae 
proteoQiycan 4, nnelQnorna- 
a^oclatfid) 


0 


AF6 


1 


0 


5 




CSPG4 (Ghorrdnoltin sulfae 
proteoglycan 4, melanoma- 
associated) 


0 


PARS 


3 


0 


3 




CSPG4 (chondroitin sulfae 
proteoglycan 4, inelanoma- 
assoctated) 


0 


KIAA0S07(S) 


1 


0 


1 




CSPG4 (chondroitin sulfae 
proteoglycan 4, rnelanoma- 
asso dated) 


0 


ZO-3 


3 


0 


5 


AA22 


DNAM-I 


3 


ZO-2 


1 


1 


3 




DNAM-1 


5 


ZO-1 


1 


1 


2 




DNAM-1 


0 


TIP1 


1 


0 


1 




DNAM-1 


5 


SHANK 1 


1 


1 


5 




DNAM-1 


0 


SHANKS 


1 


0 


2 




DNAM-i 


0 


EBP50 


1 


0 


1 




DNAM-1 


0 


EBP60 


2 


0 


1 




DNAft/i-1 


0 


INADL 


8 


0 


5 




DNAM-I 


2.5 


PIST 


1 


0.5 


4 




DNAM-1 


2.5 


MUPP-1 


10 


1 


4 




DNAM-1 


0 


Outer Msrr^rane 


1 


0 


1 
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DNAM-1 


0 


NOS1 


\ 


0 


1 




DNAIVH 


2 


K!AA807 




5 


3 




DNAM-1 


1 


KIAA1634 




0.3 


5 




DNAM-1 


4 


BAI-1 




0.1 






DNAM-1 


3 


atrophin-l interacting 
Protein 




1 


3 




DNAM-1 


2 


KiAA09O7(S) 




5 


3 


AA220 


claudin 10 


0 


DLG1 


1,2 


0 


1 




claudin 10 


0 


K1AA1B34 




0 


1 




daudln 18 


0 


Mint1 


1,2 


0 


1 


AA223 


claudin 1 


0 


li^lADL 




0 


1 




claudin 1 


■ 0 


Mlnt1 




0 


1 


AA225 


claudin 9 


0 


Minti 


1,2 


0 


1 


AA226 


claudin 7 


0 


Minti 


1,2 


5 


4 


AA227 


claudin 2 


0 


Mint 1 


1,2 


0 


2 




claudin 2 


0 


K1AA807 




0 


1 




claudin 2 


0 


BAi-1 




0 


1 




cfaudin 2 


0 


KtAA1634 




0 


1 


AA223 


Nectin 2 


0 


Minti 


1,2 


0 


2 




Nectin2 


0 


KiAA1634 




0 


-| 




Nectin 2 


0 


AF6 




0 


2 


AA23.3 


Fas Ligand 


0 


MinU 




0 


4 




Fas Ligand 


0 


KiAA807 




0 


5 




Fas Ligand 


0 


KIAA0973 


1 ! 0 


2 




Fas Ligand 


0 


KIAA0S07(S) 




0 


5 




Fas Ligand 


0 


K1AA0380 




0 


3 




Fas Ligand 


0 


iiAPXL 




0 


2 




Fas Ligand 


0 


AlPC 




0 


2 


AA233L 


5H2B_HUiViAW 


0 


KiAA0316 




0 


1 




5H2B 


HUMAN 


0 


PTPL--1 




0 


2 




SH2B 


HUMAN 


0.2 


PTPL-i 




0.5 


5 




5H2B_ 


HUMAN 


0 


PIST 




0 


1 




5H2B HUMAN 


0 


HEMBA 1003117 




0 


1 




5H2B HUMAN 


0 


FLJ 10324 




0 


2 




5H2B HUMAN 


0 


Mint 1 


1,2 


5 


1 




5H28, HUMAN 


0 


Mint 1 


2 


5 


1 




5H2B HUMAN 


0 


KiAA807 




5 


1 




5H2B HUlWAN 


0 


KIAA1834 


2 


0 


5 




5H2B HUMAN 


2 


BAI-1 


3 


0.5 


4 




5H2B HUMAN 


0 


KiAA0807(S) 




5 


1 


AA240 


Dopamine transporter (Na+- 
dependent) 


0 


ZO-1 




0- 


1 




Dopamine transporter (Nat- 
dependent) 


0,4 


PTPL-1 




5 


3 




Dopamine transporter (Na+- 
depsndent) 


0,3 


HEMBA 10031 17 




5 


5 




Dopamine transporter (Na+- 
dependent) , 


0.9 


P1CK1 ■ 




5 


2 




Dopamine transporter (Nat- 
dependent) 


0.3 


FLJ 10324 




1 


5 




Dopamine transporter [Nat- 
dependent) 


0.4 


K1AA807 




5 


4 
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Dopamine transporter 
dependent) 


0.9 


KtAAle34' 


1 




3 




Dopamine transporter {Na+- 
dependent) 


0.4 


KIAA0807(S) 


1 


g 


4 


AA243 


A2AA_HUMAN (modified) 


0 


ZO-3' 


2 


g 


3 




A2AA HUMAN {modlfled) 


0 


ZO-2 


2 


D 


2 




A2AA HiJMAN (modified) 


0 


ZO-1 


2 


jT 


.4 




A2AA„HUMAN (modified) 


0 


X11-beta 


2 


.„„ 




1 




A2AA HUMAN (modified) 


0 


X11-beta 


1 




2 




A2AA HUMAN (modified) 


0 


Unnamed Protein 


2 





1 




;S2AA_HUMAN (modified) 


0 


Syntropliin gamma-1 


1 


n 

^ — ~ 


2 




A2AA HUMAN (modified) 


0 


SITAC-18 


2 





4 




A2AA HUMAN (modified) 


0 


SITAC-ia 


1 


_ 


4 




A2AA HUMAN (modified) 


0 


PTPL-1 


2 




2 




A2AA HUMAN (modified) 


0 


PARS 


3 


— 9 


2 




A2AA HUMAN (modified) 


0 


MUPP-1 


13 








A2AA HUMAN (modified) 


0 


MUPP-1 


8 


S 


— ij — 




A2AA HUMAN (modified) 


0 


MUPP-1 


6 


?\ 






A2AA HUMAN (modified) 


0 


Mint 1 


1 


" — ?i 






A2AA HUMAN (modified) 


0 


LIM-Mystique 


1 


— f- 

- — y 






A2AA HUMAN (modified) 




KIAA1719 


4 


— ^ 






A2AA HUMAN (modified) 


0 


KIAA1526- 


1 


— 9~ — 






A2AA HUMAN (modified) 


0 


K)M1284 


1 








A2AA' HUMAN (modified} 


0 


K1AA0807(S) 


1 


— n — 






A2AA HUMAN (modified) 


0 


K1AA0751 (L) 


1 


— n — 






A2AA HUMAN (modified) 


0 


KIAA0340 


1 


— 0 — 
— ^ — 






A2AA_HUMAN (modified) 


0 


INADL 


4 








A2AA HUMAN (modified) 


0 


iNADL 


3 


— 0 — 






A2AA HUMAN (modified) 


0 


HEMBA 10031 17 


1 


— 






A2AA_HUMAN (modified) 


0 


hAPXL 


1 









A2AA HUlVIAN (modified) 


0 


FLJ21087 


1 








A2AA HUMAN (modified) 


0 


FU 10324 


1 




1 ■ 




A2AA HUMAN (modified) 


0 


DLG5 


2 


0 






A2AA HUMAN (modified) 


0 


CARD14 


1 








A2AA HUMAN (modified) 


0 


BAI-1 


6 


0 






A2AA HUMAN (modified) 


0 


Atrophin-1 Inter. Prot. 


6 


0 






A2AA HUMAN (modified) 


0 


Atrophln-1 inter. F^ot. 


6 




i" 




A2AA HUMAN (modified) 


0 


AlPC 


1 


0 


2 


AA244 


A2AB HUMAN (modified) 


0 


TiPl 


1 


0 


5 




A2AB HUMAN (modified) 


0 


PSD95 


1,2,3 


0 


5 




A2AB HUMAN (modified) 


• 0 


KIAA807 




0 


4 




A2AB HUMAN (modified) 


0 


KIAA0303 


1 


0 


4 




A2AB HUMAN (modified) 


0 


BAI-1 


4 


0 


5 




A2AB HUMAN (modified) 


0 


BAhl 


2 


0 


4 


AA245 


A2AC HUMAN (Modified) 


0 


PTPL-1 


5 


0 


3 




A2AC HUMAN (Modified) 


0 


MUPP-1 


4 


0 


3 




A2AC HUMAN (Modifled) 


0 


Mint 1 


2 


0 


3 




A2AG HUMAN (Modified) 


0 


LU1 


1 


0 


4 




A2AC HUMAN (Modified) 


0 


KIAA1719 


3 


0 


5 




A2AC HUMAN (Modified) 


0 


KIAA0973 


1 


0 


3 




A2AC HUMAN (Modified) 


0 


hAPXL 


1 


0 


3 




A2AG HUMAN (Modified) 


0 


DVL2 


1 


0 


3 




A2AG HUMAN (Modified) 


0 


CARD14 


1 


0 


5 
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jA2AC HUMAN (Modified) 


0 


GRtP1 


5 


0 


1 


AA24S SSR4 HUMAN 


D 


PDZK1 


2,3,4 


0 


1 


SSR4 HUMAN 


0 


Minn 


1.2 


0 


1 


SSR4 HUMAN 


0 


KIAAS07 




0 


1 


SSR4 HUMAN 


• 0 


DLG1 


1,2 


0 


1 


jSSR4 HUMAN 


0 


BAI-1 


5 


0 


1 


!SSR4 HUMAN 


0 


BAi-1 


4 


0 


1 


AA25 iFcel^lb 


0 


AF6 


1 


0 


2 




0 


hAPXL 


1 


0 


■j 


jFceRtb 


0 


ENIGIVIA 


1 


0 


2 


[FceRIb 


0 


LIM R!L 


1 


0 


•j 


FceRIb 


0 


LIM Protein 


1 


0 


2 


AA250 5-HT 3A (serotonin 
1 receptor 3A) 


0 


HEMBA 1003117 


-| 


0 


2 


|5-HT 3A (sBrotonln 
receptor 3A) 


— g 


mppI 


i 


— — 


— _ — 


5-HT 3A (serotonin 
1 receptor 3A) 


0 . 


CARD14 


1 


0 


2 


AA252 lACMS HUMAN 


0 


KIAA807 




Q 


— z 


ACM3_HUMAN 


0 


KIAA0807(S) 




0 


— 


IACM3 HUMAN 










— z 


|ACM3 HUMAN 


0 


AlPC 


1 


Q 


z 


AA255 |C!asp-5 


0 


SHANK 


1 


0 


— ^ — 


iciasp-6 


0 


KIAA807 






— z — 


1 Clasp-5 


0 


KIAA0807(S) 


■\ 


0 


— T — 


C!asp-5 


0 


BAJ-1 


2 


0 


— z 


AA256 1 Noradrenaline transporter 


0.4 


ZO-1 


2 


5 


2 


1 Noradrenaline transporter 


1 


PICK1 


1 




•I 


1 Noradrenaline transporter 


0.6 


PARS 


3 


1 


4 


Noradrenaifne transportra' 


0.7 


MUPP-1 


9 


5 


3 


1 Noradrenaline transpwter 


0.6 


MUPP-1 


7 


5 


3 


1 Noradrenaline transporter 


0,4 


MUPP-1 


3 


5 


4 


iNoi'adrenaline transporter 


0,8 


KiAAl7l9 


6 


5 


2 


j Noradrenaline transporter 


0 


KiAAOaSO 


1 


6 


1 


[Noradrenaline transporter 


0,5 


M!nt1 


1,2 


5 


3 


1 Noradrenaline transporter 


1 


KIAA1719 


5 


5 


2 


Noradrenaline transporter 


0.6 


INADL 


3 


5 


3 


Noradrenaline transporter 


0.6 


FU 10324 


1 


5 


3 


Noradrenaline fransporter 


0.6 


AlPC 


1 


5 


2 


Noradrenaline transporter 


0.5 


GRIP1 


6 


5 


2 


AA261 GABA transporter 3 


0 


KIAA0807(S) 


1 


0 




GABA transporter 3 


0 


hAPXL 


1 


0 


....^ 


GABA transporter 3 


0 


Synt. 1 alpha 


1 


0 


-I 


GABA transporter 3 


0 


SHANK 


1 


5 




GABA transporter 3 


0 


PDZK1 


2,3,4 


0 




GABA transporter 3 


0 


KIAA807 




0 




AA262 Glutamate transporter 3 


0 


X1 1 -beta 


2 


0 




Qtutamate transporter 3 


0 


PTPL-1 


4 


5 




Glutamate transporter 3 


0 


MUPP-1 


10 


0 




Glutamate transporter 3 


0 


Mint1 


1.2 


5 




Glutamate transporter 3 


0 


Mint1 


2 


0 




Glutamate transporter 3 


0 


KIAAS07 




0 




1 Glutamate transportw 3 


0 


KIAAa807(S) 


1 


5 
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Glutamate transporter 3 


0 


iiAPXL 


1 


0 


1 




Glulamate transporter 3 


0 


BAM 


4- 


5 


1 


AA2S4 - 


Bone Morphogenetic 
Protein Receptor 


0 


MUPP-1 


9 


0 


1 




Bone Morphogenetic 
Protein Receptor 


0 


MUPP-1 


7 


0 


1 




Bone Morphogenetic 
Protein Receptor 


0 


MljPP-1 


3 


0 


1 




Bone Morphogsnetic 
Protein Receptor 


0 


KIAA0807(S) 


1 


0 


1 


AA26a 


PTR2 HUMAN 


0 


PARS 


3 


0 


1 




PTR2 HUMAN 


0 


tiAPXL 


1 


0 


1 


AA269 


C5AR HUMAN 


0 


PTPL-1 


4 


0 


1 


AA28.1 


CDW125 (modified) 


0 


tiAPXL 


1 


0 


1 




CDW1 25 (modified) 


0 


ENIGMA 


1 


0 


1 


AA29.2 


CDW128B 


0 


KIAA0382 


1 


0 


2 




CDw126B 


0 


SHANK 


1 


5 


3 




CDW128B 


D 


KiAA807 






5 




CDw12SB 


0 


K1AA0807(S) 


1 


0 


5 


AA29.3 


IL-8RB 


0 


TIP1 


1 


0 






iL-8RB 


0 


SynL 1 alplia 


1 


0 






IL-8RE 


0 


PDZK1 


2,3,4 


0 






1L-8RB 


0 


Novel PDZ 


2 


0 






IL-SRB 


0 


MUPP-1 


13 


0 


■ ^ 




IL-BRB 


D 


KIAA1634 


5 


0 






!L-8RB 


0 


K!AA1634 


1 


0 






]L-8RB 


0 


KIAA0380 


.1 


0 






iL-SRB 


0 


BAH 


6 


0 






IL-8RB 


0 


BAl-1 


2 


0 


-j 


AA30 


LPAP 


0 


Unnamsd Protein 


2 


0 


3 




LPAP 


0 


KIAA03S2 


1 


0 


5 




LPAP 


0 


KIAA0316 


1 


0 


1 




LPAP 


0 


SHANK 


1 


0 


3 




LPAP 


. 0 


SHANKS 


1 


0 


3 




LPAP 


0 


EBP50 


1 


0 


5 




LPAP 


0 


EBPSO 


2 


0 


4 




LPAP 


0 


KiAA0i47 


1 


d 


3 




LPAP 


0 


PTPL-1 


2 


0 


1 




LPAP 


0 


PIST 


1 


0 


1 




LPAP 


0 


HEMBA 1003117 


1 


0 


1 




LPAP 


0 


hAPXL 


1 


0 


1 




LPAP 


0 


NOS1 


1 


0 


1 




LPAP 


0 


PD2K1 


2,3,4 


0 


3 




LPAP 


0 


GR1P1 


3 


0 


1 




LPAP 


0 


FLJ 10324 


1 


0 


1 




LPAP 


1.5 


FLJ 00011 


1 


5 


4 




LPAP 


0 


MIntI 


2 


0 


1 




LPAP 


0 


KiAA807 




0 


5 




LPAP 


0 


BAI-1 


2 


0 


2 




LPAP 


0 


Atropiiin-1 Inter. ProL 


5 


0 


2 




LPAP 


0 


KIAA1526 


1 


0 


1 


AA300 


Traf2 


0 


KIAAS07 




0 


2 




TrBf2 


0 


KIAAG973 


1 


0 


1 
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Trae 


0 


KiAA0807(S) 


1 


0 


4 


AA31 


Martnose receptor 


0 


hAPXL 


] 


0 


1 




Mannose receptor 


0 


FLJ 00011 


1 


0 


1 




Wtannose receptor 


0 


K1AA807 




0 


1 




Mannose receptor 


0 


K1AA0807{S) 


^ 


5 


1 


AA36 


Neurol !gin 


0 


ZO-1 




0 


1 




Neurol igin 


0 


T1P1 


^ 


0 


1 




Neuroligin 


0.3 


SHANK 


■[ 


5 


2 




Neurollgin 


0 


SHANK3 


■{ 


0 


3 




Neuroligin 


0 


EBP50 


1 


0 


2 




Nsuroliflin 


0 


EBP50 


2 


0 


1 




Neurollgin 


0 


INADL 


8 


0 


1 




Neuroligin 


0 


PTPL-1 


4 


0 


1 




Neuroligin 


0 


PTPL-1 


2 


0 


1 




Neuroligin 


0 


PSD95 


1.2,3 


0 


2 




Neuroligin 


0 


NeDLG 


1.2 


0 


1 




Neuroligin 


0 


N0S1 


1 


0 


1 




Neurdigin 


0 


NeDLG 


3 


0 . 


1 




Neuroligin 


0 


FLJ 10324 


1 


0 


1 




Neuroligin 


• 0 


Mntl 


1,2 


0 


1 




Neuroligin 


0 


KIAA807 




0 


3 




Neurdigin 


0 


DLG1 


1,2 


0 


2 




Neuroligin 


0 


KIAA1634 


2 


0 


2 




Neuroligin 


0.1 


KIAA1634 


1 


1 


4 




Neuroligin 


0.25 


atrophtn-1 interacting 
Protein 


1 


5 


2 


AA37 


Glycophorirt C 


□ 


K1AA1719 


6 


5 


1 




Glycophorln C 


0 


PARS 


3 


0 


2 


AA40 


Dock2 


0 


KIAA0382 


1 


0 


-j 




DQCk2 


0 


SHANK 


1 


0 


-{ 




Dock2 


0 


SHANK3 


1 


0 


1 




Dcck2 


0 


EBP50 


1 


0 


■) 




Dock2 


0 


EBP50 


2 


0 






DQck2 


0 


KIAA0147 


1 


0 


•( 




Dock2 


0 


INADL 


3 


0 


i 




D0Gk2 


0 


HEMBA 1003117 


1 


0 


•{ 




Dock2 


0 


hAPXL 


1 


0 






Dock2 


0 


FLJ 10324 


1 


0 


-1 




Dock2 


0 


LIM-lvly$tique 


1 


0 


■I 




Dock2 


0 


LIM RIL 


1 


0 


1 




Dock2 


0 


KtAA1534 


5 


b 


1 




DockZ 


0 


BAI-1 


6 


0 


1 




Dock2 


0 


Atrophin-1 inter ProL 


5 


0 


1 


AA45 


BLR-1 


0 


SHANK1 


1 


0 


3 




BLR-1 


0 


SHANKS 


1 


0 


3 




BLR-1 


0 


EBP50 


1 


0 


3 




BLR-1 


0 


EBP50 


2 


0 


3 




BLR-1 


2 


PDZK-1 


2 


5 


1 


AA56 


Tax 


0 


TAXIP2 


1 


0 


2 




Tax 


0 


Syntrophin gamma-2 


1 


0 


1 




Tax 


0 


Syntropliin gamma-1 


1 


0 


5 




Tax 


0 


KtAA0147 


4 


0 


1 




Tax 


0 


KIAA0147 


3 


0 


1 
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PL 
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PDZ 


PDZ 

Domain 


Pro^n 
Optimal 
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Ciassifi 
cation 




Tax 


0 


KIAA0147 


2 


0 


5 




Tax 


0 


KfAA0147 


1 


0.1 


5 




Tax 


0 


PTPL-1 


2 


0 


2 




Tax 


0 


PTTJ-4 


1 


0 


2 




Tax 


0 


INADL 


3 


0 


1 




Tax 


0 


PSD95 


3 


0 


1 




Tax 


0 


PSD95 


2 


0 


1 






0 


PSD95 


1 


0 


5 




Tax 


0 


MUPP-1 


13 


0 


5 






0 


Outer (Vlembrane 


1 


0 


5 




Tax 


0 


NeDLG 


3 


1 


5 




Tax 


0 


NeDLG 


2 


1 


5 




Tax 


0 


FLJ 11215 


1 


0 


1 




Tax 


0 


FLJ 10324 


1 


0 


1 




Tax 


0 


FLJ 0001 1 


1 


0 


1 




Tax 


0 


LIMK1 


1 


0 


1 






0 


LtM-Wlystique 


1 


0 


1 




Tax 


0 


Erbin 


1 


1 


5 




Tax 


0 


LljVl RIL 


i 


0 


1 




Tax 


0 


DLG2 


2 


0 


5 




Tax 


0 


DLG2 


1 


0 


2 




Tax 


0 


DLG1 


2 


0 


5 




Tax 


0 


DLG1 


1 


0.5 


5 




Tax 


0 


Connector Enhancer 


1 


0 


1 




Tax 


0 


KIAA1634 


5 


0 


1 




Tax 


0 


8AI-1 


6 


0 


1 




Tax 


. 0 


KIAAie34 


4 


0 


2 




Tax 


0 


BAI-1 


5 


0 


5 




Tax 


0 


KIAA1634 


2 


0 


2 




Tax 


0 


KIAAie34 




0.1 


5 




Tax 


0 


BAM 


4 


0 


2 




Tax 


0 


BAI-1 


3 


0 


1 




Tax 


0 


BAI-1 


2 


0,5 


5 




Tax 


0 


Alroptiin-1 Inter. Prot. 


5 


0 


3 




Tax 


0 


K!AA1526 


1 


0 


3 




Tax 


0 


atrophin-1 interacting 
Protein 


3 


0 


1 




Tax 


0 


atroptiin-1 interacting 
Protein 


2 


0 


1 




Tax 


0 


atrophin-l intenacOng 
Protein 


1 


0 


5 




Tax 


0 


AiPC 


1 


0 


1 


AA58 


PAG 


0 


KIAA0382 


1 


0 


1 




PAG 


0 


KIAA0316 


1 


0 


1 




PAG 


0 


PIST 


1 


0 


1 




PAG 


0 


hAPXL 


1 


0 


2 




PAG 


0 


Otjter Membrane 


1 


0 


2 




PAG 


0 


SHANK 


1 


0 


4 




PAG 


. 0 


SHANKS 


1 


0 


2 




PAG 


0 


PDZK1 


Z.3.4 


0 


1 




PAG 


0 


FLJ 00011 


1 


0 


3 




PAG 


0 


Alropliin-1 Inter. Prot. 


5 


0 


1 


M59 


PTEN 


0 


T!P1 


1 


0 


2 
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AVCID 


PL 


Pepfide 


PDZ 


PDZ 


Protein 


Classtfi 






Optimai 




Domain 


Optimal 


cation 






Gone 






Cone 






PTEN 


0 


Syntroplnin gamma-1 


1 


0 


1 




PTEN 


1.5 


SHANK 


1 


5 


3 




PTEN 


0 


iNADL 


8 


0 


1 




PTEN 


0 


PTPL-1 


4 


0 


1 




PTEN 


0.3 


PTPL-1 


2 


1 


4 




PTEN 


0 


PIST 


1 


0 


1 




PTEN 


0 


HEIMBA 1003117 


1 


0 


1 




PTEN 


0 


MUPP-1 


13 


0 


5 




PTEN 


0 


GRiP1 


3 


0 


1 




PTEN 


0 


FLJ 10324 


1 


0 


1 




PTEN 


0 


FLJ 00011 


1 


0 


3 




PTEN 


0 


Mint1 


1.2 


0 


1 




PTEN 


- 0 


IWintl 


2 


0 


1 




PTEN 


0 


KIAAB07 . 




0 


5 




PTEN 


0 


KIAA'1634 


2 


0 


5 




PTEN 


0 


BAi-1 


3 


0 


2 




PTEN 


0 


Atropliin-1 Inter, Prot. 


5 


0 


2 




PTEN 


0 


AlPC 


-| 


0 


1 




PTEN 


0.3 


KIAA0807(S) 




0.5 


5 


AA60 


AKT-1 


2.5 


TAXIP2 


^ 


1 


4 




AKT-"! 


0 


KIAA607 




0 


1 




AKT-1 


0 


■KIAA0807{S) 


■) 


0 


1 


AA66.1 


HPV E6 #B6 CmodifiGd) 


5 


T1P1 




1 


5 




HPV E6 #86 CmodifiedJ 


6 


TAXIP2 


^ 


0 


2 




HPV E6 #66 (modified) 


0 


Syntropliin gamma-2 


1 


0 


1 




HPV E6 #66 (modified) 


0 


Synfropfiin gamma-1 


■\ 


0 


1 




NPV E6 #66 (modified) 


0 


Synt. 1 atplia 


1 


0 


2 




HPV E6 #66 (modified) 


0 


KIAA0147 


i 


■ 0 


2 




HPV E6 #66 (modified) 


0 


INADi, 


e 


0 


1 




HPV Ee #66 (modified) 


0 


PTPL-1 


2 


0 


3 




HPV E6 #66 (modified) 


0 


P3D95 


1,2.3 


0 


5 




HPV E6 #66 (modified) 


0 


PSD95 


3 


0 


1 




HPV E6 #66 (modified) 


0 


PSD95 


1 


0 


4 




HPV E6 #66 (modified) 


0 


[vlUPP-1 


10 


0 


1 




HPV E6 #66 (modified) 


- 0 


MUPP-1 


13 


0 


3 




HPV E6 #66 (modified) 


1 


NeDLG 


1,2 


0,5 


5 




HPV E6 #66 (modified) 


0 


fiAPXL 


1 


0 


1 




HPV E6 #66 (modified) 


0 


Outer Membrane 


1 


0 


5 




HPV E6 #66 (modified) 


3.5 


NeDLG 


2 


0.5 


4 




HPV E6 #66 (modified) 


0 


NeDLG 


1 


0 


1 




HPV E6#66(modffled) 


0 


FLJ 10324 


1 


0 


1 




HPV E6#86 (modified) 


0 


FLJ0OO11 


1 


0 


1 




HPV E0 #66 (modified) 


0 


Mint 1 


1,2 


5 


1 




HPV E6 #66 (modified) 


0 


Mint 1 


2 


0 


1 




HPV E6 #66 (modified) 


0 


Erbin 


1 


0 


1 




HPV E6 #66 (modified) 


0 


KIAA807 




Q 


2 




HPV E6 #66 (modified) 


0 


DLG2 


2 


0 


5 




HPV E6 #66 (modified) 


0 


DLG2 


1 


0 


1 




HPV E6#66 (modified) 


0 


DLG1 


2 


0 


5 ■ 




HPV E6#6S (modified) 


0 


DLG1 


1 


0 


4 




HPV E6 #66 (modified) 


5 


DLG1 


12 


5 


5 




HPVE6#S5 (modified) 


0 


BAI-1 


5 


6 


1 




HPV E6 #86 (modified) 


. 0 


K1AA1634 


2 


0 


1 
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HPV E6 #66 (modified) 


0 


KIAA1634 


1 


0 


5 




HPV E6 #66 (modified) 


0 


BAI-1 


3 


5 


1 




HPV E6 #66 (modified) 


3 


BAI»i 


2 


0.5 


S 




HPV E6 #66 (modified) 


0 


Afrapfiin-1 Inter. Prat. 


5 


0 


1 




HPV E6 #66 (modified) 


0 


KIAA1526 


1 


0 


1 




HPV E6 #66 (modified) 


0 


atropJiin-1 interacting 
Protein 


-1 


0 


s 




HPV E6 #66 (modified) 


0 


AlPC 


-] 


0 


1 




HPV E5 #66 (modified) 


s 


KiAA0807(S) 


•I 


5 


4 


AA67.1 


HPV ES #57 (modified) 


0 


TIP1 


■\ 


0 


0 




HPV E6 #57 (modified) 


0 


K1AA0147 


■\ 


0 


1 




HPV E6 #57 (modified) 


0 


BAi-1 




0 ■ 


0 


AA69.1 


HPVE6E16 (modified) 


0 


TIP1 


-j 


0 


3 




HPV E6E1 6 (modified) 


0 


BAI-1 




0 


5 


AA70.1 


HPVE6#18 


0 


TIP1 


-1 


0 


4 




HPVE6#i8 


0 


BAJ-l 




0 


5 


AA72.1 


HPV E6 33 (modified) 


0 


ZO-2 




■ 5 


1 




HPV E6 33 (modified) 


0 


TIP1 




0 


5 




HPV E6 33 (modified) 


0 


Synlrophin gamma-2 


■f 


5 1 


• 1 




HPV E6 33 (modified) 


0 


Synt. 1 alpiia 


■ ^ 


1 


3 




HPV E6 33 (modified) 


0 


SHANK 


■I 


5 


4 




HPV Ee 33 (modified) 


0 


SHANKS 


-J 


0 


2 




HPV £633 (modified) 


0 


EBP50 


•J 


0 


2 




HPV Ee 33 (modified) 


0 


EBP50 




0 


2 




HPV E6 33 (modified) 


0 


p™-4 


-( 


5 


1 




HPV E6 33 (modified) 


0 


PSD95 


1.2,3 


0 


5 




HPV E6 33 (modified) 


5 


PSD95 




0.5 


5 




HPV E6 33 (modified) 


0 


PSD95 


-] 


5 


2 




HPV E6 33 (modified) 


0 


PDZK1 


2,3,4 


5 


1 




HPV E6 33 (modified) 


0 


Outer Membrane 


1 


0 


5 




HPV E6 33 (modified) 


0 


NeDLG 


3 


5 


1 




HPV E6 33 (modified) 


0 


NeDLG 


2 


5 


2 




HPV E6 33 (modified) 


0 


NeDLG 


1 


5 


1 




HPV E6 33 (modified) 


Q 


NeDLG 


1,2 


0 


5 




HPV E6 33 (modified) 


0 


iViUPP-1 . 


13 


5 


2 




HPV E5 33 (modified) 


0 


Mint1 




5 


1 




HPV EB 33 (modified) 


0 


KIAA1634 


1 


0 


5 




HPV E6.33 (modified) 


0 


KIAA'tS26 




5 


1 




HPV E6 33 (modified) 


5 


KIAA-1095 


1 


0.5 


5 




HPV E6 33 (modified) 


0 


KIAA0807{S) 




0 


5 




HPV Ee 33 (modified) 


0 


KIAA0380 




5 


1 




HPV E6 33 (modified) 


Q 


KIAA0316 


1 


5 


2 




HPV E6 33 (modified) 


0 


KIAA0147 




5 


2 




HPV Ee 33 (modified) 


0 


KIAA0147 




0 


5 




HPV E6 33 (modified) 


0 


hAPXL 




1 


3 




HPVE6 33 (modified) 


0 


FLJ 00011 




5 


1 




HPV E6 33 (modified) 


Q 


DLG2 




1 


3 




HPV E6 33 (modified) 


0 


DLG2 




5 


1 




HPV E6 33 (modified) 


5 


DLG1 




0.5 


5 




HPV E6 33 (modified) 


0 


DLG1 




1 


3 




HPV E6 33 (modified) 


0 


BAl-1 


6 


5 


1 




HPV E6 33 (modified) 


0 


BAl-1 


5 


5 


1 




HPV E6 33 (modified) 


0 


BAI-1 


2 


0 


5 
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Domain 
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Cone 






Cone 






HPV E6 33 (modified) 


0 


Alroptiin-1 Inter. Prof. 


5 


5 


~ 1 




HPV E6 33 (modified) 


5 


Atropiiin-I Inter. Prot. 


1 


0.5 


4 




HPV E6 33 (modified) 


0 


AlPC 


1 


5 


1 


AA74.1 


HPV E6 52 (modified) 


0 


TiPi 


1 


0 


0 




HPV E6 52 (modified) 


0 


BAH 


2 


0 


5 


AA75.1 


HPV E6 58 (modified) 


. 0 


ZO-2 


1 


1 


3 




HPV E6 59 (modified) 


0 


TIPI 


1 


0.5 


4 




HPV E6 58 (modified) 


0 


Synt. 1 alpha 


1 


5 


2 




HPV E6 58 (modified) 


0 


PSD95 


1,2,3 


0 


5 




HPV E6 58 (modified) 


0 


PSD95 


3 


0 


5 




HPV E6 58 (modified) 


0 


PSD95 


1 


0 


5 




HPV E6 58 (modified) 


0 


PDZK1 


2,3,4 


5 


1 




HPV E6 58 (modified) 


5 


Outer Membrane 


1 


0.5 


5 


HPV E6 58 (modified) 


5 


NeDLG 


3 


5 


2 




HPV E6 58 (modified) 


0 


NeDLG 


2 


0.5 


5 




HPV E6 58 (modified) 


0 


NeDLG 


1 


5 


1 




HPV E6 58 (modified) 




NeDLG 


1,2 


0 


5 




HPV E6 58 (modified) 


0 


MUPP-1 


13 


5 


1 




HPV E6 58 (modified) 




MUPP-1 


10 


3 


3 




HPV E6 58 (modified) 


0 




2 


5 


1 




HPV E6 58 (modified) 


0 


KJAA1634 


5 


5 


1 




HPV E6 58 (modified) 


0 


K1AA1634 


2 


5 


1 




HPV E6 68 (modified) 


0 


K!AA1634 


1 


0 


5 




HPV E6 58 (modified) 


0 


KiAA'(626 


1 


5 


1 




P^PV 53 {rnodiffed) 


0 


K1AA.1095 


1 


5 


1 




HPV ES 58 (modified) 


0 


K1AA0973 


1 


5 


2 




HPV EQ 58 (modified) 


Q 


K1A/\0807(S) 


1 


0 


5 




HPV E6 58 (modified) 


■ 0 


K1AA0380 


1 


5 


1 




HPV E6 58 (modified) 


0 


K1AA0147 


1 


5 


2 




HPV ES 53 (modified) 


0 


INADL 


8 


0.5 


4 




HPV E6 58 (modtfiGd) 


0 


DLG2 


2 


0.5 


5 




HPV E6 58 (modified) 


0 


DLG1 


2 


0 


5 




HPV E6 58 (modified) 


5 


DLG1 


1 


0.5 


5 




HPV E6 58 (modified) 


0 


BA]-1 


5 


5 


2 




HPV E6 58 (modified) 


0 


BAi-1 


4 


5 


2 




HPV E6 68 (modified) 


0 


BAI-1 


3 


5 


2 




HPV E6 58 (modified) 


0 


BA!-1 


2 


0 


5 




HPV E6 58 (modified) 


0 


Atrophln-1 Inter. Prot. 


1 


0 


5 


AA7S.1 


HPV E6 77 (fvlodlfled) 


0 


TiP1 


1 


0 


0 




HPV E6 77 (IVlodifted) 


0 


BAI-1 


2 


0 


0 


AA80.1 


HPVE6#35 (modified) 


0 


ZO-2 


1 


0 


2 




HPV E6 #35 (modified) 


0 


ZO-1 


1 


0 


1 




HPV ES #35 (modified) 


0 


TIP1 


1 


0 


5 




HPV E6 #35 (modified) 


0 


KIM0382 


1 


0 


2 




HPVE6#35 (modified) 


0 


KiAA0380 


1 


0 


3 




HPVE6#35 (modified) 


0 


TAXIP2 


1 


0 


4 




HPVE6#35 (modified) 


0 


Syntrophin gamma-2 


1 


0 


3 




HPV E6 #35 (modifisd) 


0 


Synfrophin gamma-1 


1 


0 


4 




HPV E6 #35 (modified) 


0 


Synt. 1 alpha 


1 


0 


5 




HPV E6 #35 (modified) 


■ 0 


KIAA0i47 


4 


0 


1 




HPV E6 #35 (modified) 


0.35 


KIAA0147 


3 


5 


4 




HPV E6^iS35 (modified) 


0 


KiAA0147 


2 


0 


5 




HPV E6 #35 (modified) 


0 


raAA0147 


1 


0 


5 
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Cone 






HPV ES #35 (modified) 


0 


iNyyDL 


8 


0 


4 




HPV E6 #35 (modffled) 


0 


PTPL-1 


4 


0 


1 




HPV E6 #33 (modified) 


0 


PTPL-1 


2 


0 


2 




HPV EB #35 (modified) 


0 


INADL 


5 


0 


1 




HPV E6^#35 (modified) 


0 


PTN-4 


1 


0 


4 




HPV m #35 (modified) 


0 


It^ADL 


3 


0 


1 




HPV E6 #35 (modified) 


0 


PSD95 


1.2,3 


0 


5 




HPVE6#35 (modified). 


0 


PSD95 


3 


0 


5 




HPVE6#35 (modified) 


0 


PSD9S 


1 


0 


5 




HPV E6 #35 (modified) 


0 


PIST 


1 


0 


1 




HPV E8 #35 (modified) 


0 


KIM0973 


1 


0 


2 




HPV E6 #35 (modified) 


0 - 


KiAA1095 


1 


0 


4 




HPV Ee #35 (modified) 


0 


HEMBA 1003117 


1 


0 


1 




HPV E6 #35 (modified) 


' 0 


MUPP-1 


10 


0 


4 




t-iPV E6 #35 (modified) 


0 


MUPP-I 


13 


0 


6 




HPV E6 #35 (modified) 


0 


NeDLG 


1,2 


0 


5 




HPV E6 #35 (modified) 


0 


Oufer H/lembrane 


1 


0 


5 




HPV E6 #35 (modified) 


0 


N0S1 


1 


0 


1 




HPV E6 #35 (modified) 


0 


NeDLG 


3 


0 


5 




HPV E6 #35 (modified) 


0 


NeDLG 


2 


0 


5 




HPV E6 #35 (modified) 


0 


NeDLG 


1 


0 


5 




HPV E6 #35 (modified) 


0 


GRIP1 


6 


0 


2 




HPV E6 #35 (modified) 


0 


GRIP1 


3 


0 


2 




HPV E6 #35 (modified) 


0 


IVlUPP-1 


5 


0 


2 




HPVE6#35 (modified) 


0 


FLJ 12315 (PALS-D 


1 


0 


1 




HPV E6 #35 (modified) 


0 


FLJ 11215 


1 


0 


4 




HPV E6 #35 (modified) 


0 


FLJ 10324 


1 


0 


1 




HPV E6 #35 (modified) 


0.35 


FU 00011 


1 


5 


3 




HPV E6 #35 (modified) 


0 


Minti 


1,2 


0 


1 




HPV E6 #35 (modified) 


0 


lullnt 1 


2 


0 


2 




HPV Ee #35 (modiiied) 


0 


LIWIK1 


1 


0 


1 




HPV E6 #35 (modified) 


1 0 


Lllvl-IVIystlque 


1 


0 


1 




HPV E6 #35 (modified) 


0.4 


Erbin 


1 


5 


2 




HPV E6 #35 (modified) 


0 


UM RIL 


1 


0 


4 




HPV E6 #35 (modified) 


0 


KIAA807 




0 


5 




HPV E6 #35 (modified) 


0.2 


DLG2 


2 


0.5 


5 




HPV E6 #35 (modified) 


D 


DLG2 


1 


0 


5 




HPV E6 #35 (modified) 


0 


DLG1 


3 


5 


3 




HPV E6 #35 (modified) 


Q 


DLG1 


2 


0 


5 




HPV E6 #35 (modified) 


0 


DLG1 


1 


0 


5 




HPV E6 #35 (modified) 


0 


KIAA1719 


5 


0 


1 




HPV E6 #35 (modified) 


0 


DLG1 


1,2 


Q 


5 




HPV E6 #35 (modified) 


0 


Connector Enhancer 


1 


0 


1 




HPV E6#35 (modified) 


0 


KIAA1634 


5 


0 


3 




HPV E6 #35 (modified) 


0 


SAI-1 


6 


0 


3 




HPV Mb (modified) 


0 


KIAA1534 


4 


0 


2 




HPV E6#35 (modified) 


0 


BAI-1 


5 


0 


5 




HPVE6#35 (modified) 


0 


KIAA1634 


2 


0 


3 




HPV E6 #35 (modified) 


0 


KIAA1634 


■ 1 


0 


5 




HPV E6 #35 (modified) 


0 


BAM 


4 


0 


5 




HPV E6 #35 (modified) 


0 


BAI-1 


3 


0 


4 




HPVE6#35 (modified) 


0 


BAI-1 


2 


0 


5 




HPV E6 #35 (modified) 


0 


Atrophln-1 Inter. ProL 


S 


0 


4 
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AVOID 


PL 


Pepade 
Opttmal 
Cone 


PDZ 


PDZ 

Domain 


Protein 
Optimal 
Cone 


Classifi 
cation 




HPVE6#35 {modified) 


1 


KIAA1526 


1 


5 


3 




HPVEe#36 (modified) 


0 


atrophin-l interacting 
Protein 


3 


0 


4 




HPV E6 #36 (modified) 


0 


KIAA1284 


1 


0 


1 




HPVES#35 (modified) 


0.8 


atraphln-1 interacting 
Protein 


2 


5 


1 




HPV £6 #35 (modified) 


0 


atrophin-l interacting 
Protein 


1 


0 


5 




HPV E6 #35 (modified) 


0 


PDZ-73 


2 


0 


2 




HPV E6 #35 (modified) 


0 


AiPC 


1 


5 


1 




HPV E6 #35 (modified) 


0.1 


K1AA0307(S) 


1 


0.5 


5 


AA82 


Adenovirus E4 Type9 


0 


ZO-2 


1 


0. 


3 




AdGnovlrus E4 Type9 


0 


ZO-1 


1 


0 


2 




Adenovirus E4 Type9 


0 


K1AA0382 


1 


0 


1 




Adsnovlrus E4 Typs9 


0 


KIAAO300 


1 


0 


1 




Adenovirus E4 Typefl 


0 


INADL 


8 


0 


2 




Adenovirus 1=4 Types 


D 


PTPL-1 


4 


0 


4 




Adenovirus E4 Type9 


0.2 


PTPL-1 


2 


5 


3 




Adenovirus E4 Type9 


0 


PSD95 


1,2,3 


0 


5 




Adenovirus E4 Type9 


0.1 


PSD95 


1 


5 


4 




Adenovirus E4 Typs9 


0 


PIST 


1 


0 


1 




Adenovirus E4 Type9 


0 


KIAA1222 


1 


0 


1 




Adenovirus E4 TypeS 


0.3 


HEMBA 1003117 


1 




3 




Adenovirus E4 Type9 


0,1 


MUPP-1 


11 


" 5 


5 




Adenovirus E4 Typs9 


0 


NeDLG 


1,2 


0 


5 




Adenovirus E4 Type& 


0,1 


Outer Membrane 


1 


5 


5 




Adenovirus E4 TypeB 


0 


WOS1 


1 


0 


5 




Adenovirus E4 TypeQ 


0.1 


NeDLG 


2 


5 


5 




Adenovirus E4 TypsS 


0 


NeDLG 


1 


0 


1 




Adenovirus E4 Type9 


0 


IVSUPP-1 


10 


0 


1 




Adenovirus E4 7Vpe9 


0.1 


FLJ 10324 


1 


5 


3 




Adenovirus E4 TypeS 


0 


FU 00011 


1 


0 


1 




Adenovirus E4 TypeS 


0 


Mint1 


1,2 


0 


2 




Adenovirus E4Type9 


0 


Minti 


2 


0 


2 




Adenovirus E4 Type9 


0 


KIAA307 




0 


4 




Adenovirus E4 Tvpe9 


0.05 


DIG2 


2 


0.5 


5 




Adenovirus E4 Type9 


0,03 


DLG1 


2 


0.3 


5 




Adenovirus E4 Type9 


0.1 


DLG1 


1 


0.5 


4 




Adenovirus E4 Type9 


0 


DLG1 


1.2 


0 


5 




Adenovirus E4Type9 


0.1 


Connector Enhancer 


i 


5 


3 




Adenovirus E4 Type9 


0 


BAl-1 


6 


0 


1 




Adenovirus E4 Type9 


0-2 


KIAA1634 


4 


5 


4 




Adenovirus E4 Tvpe9 


0.15 


KIAA1634 


2 


5 


5 




Adenovirus E4 Tvpe9 


0,1 


BAi-1 


4 


0.3 


5 




Adenovirus E4 Type9 


0.075 


BAi-1 


3 


0.5 


5 




Adenovirus E4 Type9 


0 


KiAA1634 


1 


0 


S 




Adenovirus E4 Type9 


0.02 


BAI-1 


2 


0.3 


6 




Adenovirus E4 Type9 


0.1 


atropiitn-1 interacting 
Protein 


3 


5 


4 




Adenovirus E4 Type9 


0.02 


atrophfn-1 interacting 
Protein 


1 


0.5 


5 




Adenovirus E4Twe9 


0.2 


KiAA0807(S) 


1 


5 


3 
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AVG Najne 






01 — 


AAD1.1 


Ciasp-i 


VfSKATPALFTVSlSSSAEV 










ISGTPTSrJftVHGMT^SSSW 
















MCfT 


CD34 


QA-nSRNGHSARQHWADTEL 








GAIP (G-alpna intsraciing pfoteinjHGS 19 






1730186 and 




alptia-1-syn(raph!n 


IVFIIHSFLSAKVTRLGLLA 


2209282A 


1SS8SS0 




neUrol^Cin (chicken) 




CAA46330 






GiuR5-2 (rat) 








AA0G8L 


roppofin 






^057716 






k><'fgwrwi[^THRPVfl<'pf5r~~"'~ 

IMSVs 1 TLJ UP 1 riKirvi\r I 








CX43 (cBnnejdn 43) 


PSSRASSRASSRPRPDDLEI 






AA106 


Kir2, 1 {inwancily recL K+ cliannel} 


LMNQASVPLjePRPLRRESEI 


af1S3818S1 and 
AH009400 


B1322SB 


Mioa.1 


GLU R2 (glutamale receptor 2 modified] 


GGQ6GSGGGGGSSIESVKJ 








ephrin A2 


RIAYSLLGLKDQVNTVGIPl 


XP O0208B 


1 25333 end 
1 1 427699 




GluR della-2 


OP 1 H fLGLMLGNDPDRGTSl 


AAC39579 


2853315 


M113 


SSTR2 (somatosfalin recepor Z) 


LNETTCTQBTLLNGDLQTSI 


XM 012697 


12740762 




GLUR7 (metabolropic glulamate receptor) 


vdpnspaakkkyvsynnlvi 


XP 010942 


1 27291 88 




presenilin-1 


ATDYLVQPFMDQLAFHQFYI 


XP 007441 


11435042 




MlNT-2 


KTMPAAMFRLLTGCit: 1 h4.V) 


AAC0530Ei 


2625029 


AA117 


presanilsn-2 


STDNLVRPFMDTLASHQLYI 


MP 036618 


7108360 




MiMT4 


K rMPAAMYRLLTAQEQPVYl 




6225060 






ALVUAFCIIRRRPSAYQAL 








a-ecHnin 2 

zona ocdudetis 3 (ZO-3) 


VPGALDVAAFSSALYGESOL 
VHPAESSDEDGYUWyt^ATUL 


NP_0B5243 


10u92d91 


AA13 


GD95 


KDIT3D3EMSNFF!NEIQSLV 










PIPAGGCTFSG IFPTLTSPL 


ABD409't4 


jiji^Ci^p 




Na+/Pi Gotransporter 2 


PPATPSPRLALPAHHNATRL 




730113 




CFTCR {cystit; fibrosis transmembrane: 
conductance regulator) 


KPQIAALKEGTEEEVQDTRL 


AAG13657 




AA1S2L 


ActRllA 


IVTWTMVTNVDFPPKESSL 


BAA06548 






MJNT-3 






R22B953 




QAPON (carboxyl-termlnal PDZ llgand of 
neuronal nRrfc oxtde synlhase) mRNA 


LLNvLQRQELGDGLDDElAV 


AF037070 






RA*GEF (ras/r^plA-sasDc-GEF) 










oEdi recsptor 










PDZ-blntlfng kinsse (PBEC) 






\ -14241 84 




NMDA Glutamste Receptor 2C (cyst^'ne- 


TQGFPGPATWRRISSLESEV 








ephrin S2 


fLNSlQVMRAQMNQIQSVEV 




92o6o7b 


AA183L 


RhoGAP 1lFTPL1-assDciated) 


PRLKRS/IQQFEDLEDEIPQFV 


NP DD43DG and 
m 004813 


4758B8Z and 
4758881 




RGS12 (regulator of G-protein signaling 1 2 


GPVPGEPAKPKTSAHHATFV 


XP "01 0363^^^'^ 


3914622 










1 1421689 








-q4^24 


















AGAVRTPl 30VNKWVDQSSV 




6225217 


























SLKPGTVlPPfPYRHRNTW 




39135B0 














NMDA'R2C 


HJ-* 1 Ul 1 GLPNLSDPSVSTW 


AAB59360 








piYSELNYETSHYPASPDSWV 


WP 001323 


11034811 




AAZ1B 


CSPG4 (^ondroitin ^iitfae proteo^csn 4, 
melanDma-aesQciated) 


HJ-QFCRTPNPAI-KNGQYWV . 


NM 001897 and 
X96753 


4503098 and 
1517313 




DNAM-1 


TREOlYVNYPTFSRRPlCrRV 






AA220 


daudln 10 


GGEDFKTTNPSKQFOKNAYV 


XP_007076 






clatldin 18 


DGGARTEDEVQSYPSKHDYV 


XP Q03116 








SYPTPRPYPKPAPSSQKDYV 


XP 003151 




l>J>22S, 


claudln S 


LGYSIPSRSGASGLDKRDYV 


XP 012519 




AA226 


dautiln 7 


KAGYRAPRSYPKSNSSKEYV 


AAH01055 






dauctln £ 


PGQPPKVKSEFKSYSLTGYV 


XP 010309 


11420901 


AA32.S 


Nectin 2 


5SPDSSYQGKGFWSRAMYV 


r|92692 


12643789 




Fas Ligand 


SSKSKSSEESQTFFGLYKL 






AA233L 


serotonin receptor eHr-2B 




P41895 




AA240 


Dopamine transporter 


REl-VDRGEVRQFTLFaHWLKV 


001959 


266667 
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AVCID 


AVC Name ~ 


Sequence 


Accession No 


Gt 






HDFRRAFKKILARGDRKRIV 


P08S13 








QbFRRAFRRilARPWTQTAVJ' 










DFRPSFKHILFRE^AKKUHKy 










E/y_QPEPGRKRlPL1 K ITI F 


P31391 








YSATYSELED PGEMSPPJDL 










LAVLAYSl"n.VR/ILWSlWQYA 


MP 000860 


4504543 






QQYQQRQS VI FH KRAPEQ AL 


P203O9 






c^^'""^ — 


RDSFHRSSFRKAETQLSQGS 










HHUVAQFiDIRClf'QLQHWLAI 


M65015 


189257 






DAKLksbGTIAAITEKETHF """ 


XM 0D3161 


12729857 






hiGg^MiKSDIISFT'StSQF '~ 




11352332 






TALRIKKTLAKMVESQDVKI 


XM 015618 


13346025 






RpSSlfNPDTEGA<5GETEDVL ' " 


P49i96 ■ 








E'SKSFTRSTVDTMAQKTQAV 










EVIGYIEKPGVETLEOSVF 










KDSRPSFVGSSSGHTSTTi. 




















AMJDSARAAGGQGLHVTAL 










AAWDDSARAAGGQGLHVTAL 










NSyVRDDAIFIKAIVDUTGL 


XM 011774 


1473765S 






GtSDlitK&LVgRlfetilvlEHSVl 






^^11 — 


Meuroligin 


TFAAGFlNlStiSLPHSTTtW 










Q<SDPALQDAC3DSSRI^YFI 










LASKSAEEGkCii^DSLSTDL 










PSWRRSSUiESgNA'IBLl \i- — 











Q1§PGGI£PPSEKHFRETW~~ 








™„ 


KENDYESlSDLQQGRDltly. 






AASa 


PTEN 


DSDPENEPFDEDQHTQITKV 






AA6Q 


«<T1 


■vdserrphfpqfsysassta 






AA66.1 


HPV E6 #6B {cysleine-frae} 


TGSALQAWRHTSRQATESTV 






AABr,1 


HPVE6 #57 (cysteiTie-free) 


HAMhlAAPRAMENAPALRTSH 






AA69.1 


HPV E6 #16 (Modified) 


TGRGMSGGRSSRTRRETQL 






AA7ai 


HPVE6#1B 


SGGNRARQERLQRRRETQV 






AA72.-I 


HPVE6 33 (modified) 


AAGCiRBARGGKLQGRRETAL 






AA74.1 


HPVES52(modined) 


SEQ GRPTRGPRLQGRRVTQV 






AA75.1 


HPVE6 58 (modiffed) 


AVG GRPARGGRLQGRRQTQV 






AA7B.1 


HPV E6 77 (modified) 


GGGRGSGLAGGSRGGGQSRQ 






AA80.1 


HPVE6#35(oyst6inMre9) 


GRWTGRAMSAWKPTRRETEV 






TOT 


AdBnoE4 iyp5 


VGTUIERVIFPSVKIATLV 
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SeneName 


Gi 


Dom 
Bin 
Nam 
iier 




2^5Ubun3p27 


91B438S 


1 


RDMAEAHKEAMSRia.<3QISESQGPPRAFAKVHSi 
a'QSPSIAGLQVDDElVEFeSVNTQNFQSLHI^IIiSS 
WQHSEGAlAPmSVSM 


m 


mm 


1 


LFWEPHITVTLKKQNeiVIGLStVAAKiSAGQDiaGlY 
VKSWKGGAADWGRi^GDQLl^ViJSRSLVGL 
SQERAAEUVSTRTSSWUEVAKCtG 




m51451 




URPSVlSIIGLYKEKGKGLGFSIAGGRDCiRaQMQi 
FVXTIFPNGSAAEDGRU<EGDEILOVI^GIPiKc;LTF 
QEAlHTFKQIRSGLI=VLTVRTiaVSPSLTt^SS 


APC 






GSSSLGRKTPGPKDRIVI^t^iKEPRVGLGlGAC 
CUlBlSPPGIV)HSLAPGSVAi<MESNLSR<3DQiL 
EVNSVNVWiAALSKVHAIl^KGPPGPVRLViQRHP 
MPHVBEQEMDEVIAHSrVQESlffiAHSS 


AtPC 


12751451 


3 


QSENEEDVCHVLNRKEGBGLGFSVAGGTDVEPK 
SiTVHRVFSQGAASQEGTMNRQDFLlSVNGftSLA 
6LAH6HVLKVlHQAQLH(DALWIKKGMD-aPf1PS 


AlPC 


i27SHS1 




LGRSVAVHDAlXVEVIitTSAGUSLSLDGSKSSVT 
GDGPLVKRVYKQGAAEQAGIIEAGDEUii^GKPI- 
VGiJVlHFDAWNIMKSVPBSPVQLLiRKHRNSS 


alpi.3adkA.-2 
assaia|$dLlM protein 


2773059 




QTVilPGPAAWeFRlSGQiDFNQPLVIWiTPeSK 
AAAANLCPGDVJUAlDGFGTESti^THADGQi^RiKAA 


APKL-I 


13651263 




iUtVQI^GGAPWGFTLKGGREHGEPLVJTKiEEG 
SKAAAVDiaLAeDBVGINDISLSGFRQEAiClVKE 
SKKJIKLWKRMSS 


AliDphm-1 MsasSag 


2947231 




REKPLFTRDASCiLKGTFLSmi<KSNMGF6FTiiG 
GDEP[S=LQVKSViPDGPAAQDeiWETGDVlV¥t 
NEVCVLGHItlMJWKlfQSVPlGQSVMLVlGRGY 


Atrophii)-1 Interacting 
Pmtsin 


2847231 




LS5ATGAELMTL?1VI<GAQ6FGF 

QILDlQGCPGLCEGDLiVEil^IQQNVQNLSHTeVVDi 

LKDCPtGSETSLnHRGGFF 


A1rDphir)-f interacting 
PtDleIn 


2S47231 




HYKELOVt-ILRRMESGFGFRtLGGDEPGQPlUGAV 
lAHGSAORDGRLHPGDELVrVDGIPVAGlaHRYV 
SDLdflHiH.'iARfJGaVNLTVIWKVl.CG 


Atmiphln-1 Inisriiding 


2947231 




EGRGISSHSLQTSDAVIHRKENEGFGFVIISSLrMR 
PESGSmVPI IKiSRIIOGSPADRCAKLWeDRilJi 
VNGQSIINMPHADiVKLlKDAGLSVTLRtlPQEEL 


Alrophin-I Interaoiing 
PTDletn 


2947231 




LSDYRClPQDFDYFTVDMEKGAKGFGFSiRGGRE 
YKMOmLRLAEDGPAlRNGRMRVGDaiiEINGEg 
TRDt^THWKi EUKSGGRRmLLKRGTGQ 


Atn]|£iln-1 Inteisding 
PrtrtQh 


2947231 




HESViGRNPEGQLGpaKGGAENGQFPVLGEVK 
PGKWYESeSKLVSEEUlEVNETPVAGaiRDVL 
AVlKHCKDPLl«J<CVKQGGiHR 


BAl-IAsBodatBdPjDfBin 


3370997 




iQlWlHWTBRVHECTVKRGPQGELGVTVLQGAE 
HQEFPli'VaAVAAVEAAGLPGQGEGPRLGEGELl 
U£VQ(5VaVSGlPiWDVlJ3VlDSa«AVTFKAVRQ 


BAMAssodaied Protein 


3370397 


! 


PSELK6KFtHTKLRKSS?GFGFTWGGI3EPDEFL 
a!KSUVli)QPAAl.<I@OICTGDVIVSVMDTCVLGH 
THAQWKIFQSIPISASVDIELCRBYPU=FDPDDP 


BAI-1 Assodated Pfoteln 


337C'99' 




PATQPELTTVHVKGPMGF6FTIADSPQGGGQRV 
KQiVDSPRCRGLKEGOUVEVNKKHVQALTHNClV 
Vi3MLVEC!PK>33iEmL\raROGI«S 


aAHAssotfaledProJaln 


3370997 




PDYQEQDJFLWRKeTGFGPfajGGtfH'eEWieH 
iVPLGAAOTDGRlFtSGOEUCVDGTPViGKSHQLV 
VQLMCXIAAKaGHVNL-TORKVVFAVPKTENSS 


8AI-1 Associated Protsin 


3370997 




SWSTWQPVDVEtRRGEMEGFGFVlVSSVSRPE 
AeTTFAGNACVAMPHKIGRiiEGSPADRCGKLKV 
GDRttAVPiGCSlTNKSHSOiVNUKEAGrmTLRilP 


BAM Assodated Protein 


3370997 


6 


QATQKliDFYTVaERGAKGFSFSLRGGREYNMD 
LyVlJ?U«DGPAERCISKMRlGDEfLEiNG^KM«l 
KHSRAiaiK»iGG(RRVRLFLH»0 
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Gene Name 


Gl 


? 
Mum 
bar 






12382772 




NLf/FRKFSLERPfRPSVTSVGHVRGPGPSVQHT 
TLNGDSLTajLTLLGO^ARGSFVHSVKPGSUEK 
AGLJ?EGHQLLLLEGG1RGERQSVPL0TCTK£&iH 
WnORCSGPVrmYKWJHEQYRKLV 


CARDU 


1312B123 




LBQVnilAFQGDAlLEaiSVieGNLTGIRHRVTP 
SSAADQMAlRPGTQWMVOYEASa^LFKAVLEDT 
TtEEAVGLlRRVDGFCCLSVKVNmiGYKRL 


CASK 


3087316 




TRVRLVQFQKNTDEPMGITLKMM&NHCIVARIMH 
GeMlHRQQUHVGaEIRaNGISVAMQTVEQLCSK 
MREMRGSITFKIVPSYRTqS 


CDDAector Enhancer 


393Q780 




LEQKftW£QWQtDSPLGLEIHTTSNCQHFVSQVD 
TQVPTDSRLQIQPGDeVtfQlNSQWVGWPRKNM 
VRELlREPAGlSLlflJ<KlPlP 


cm^sia Bmdrng 






QRKLVTVEKQDNEn=eFaQSYRPCINC!KACSSE 
MFTI.ICKlQHlSPAHCAGLQA<aVlANlNSVSTEG 
FtYKQWDURSSaMLLTCTlJlG 


DIQI 


475816 




IQVNSTDADVEYEEITLERGNSGLGFSiAGG™? 
HIGDDSSIFITKirr(3GAAAQD6RLRVNDC1LQVNE 
VDVRO\'THSKAVEAIJ^EAGSIVRLYVKRR^^ 


DLG1 


475816 


2 


lOUKGPKGLGFSIAGGVGNQHPGONSiYVTKlCG 
GAAHKDGKLQBDKLLAVNHVaEEVTHEEAVTA 
U^lTSDmLKWAKPTSMYMNDGN 


DUGI 


4T5316 




tLHRGSTGLGFHWGGEOGEQIFISFIUQQPADLS 
GELRKGDRNSVNSVDLRAASHEQAAAALKNAGQ 
AVnVAQYRPEEYa^ 


DLG2 


12736552 




lBYVNGT£IEYEFEEITL6RGNS6ieFSlAQGT0NP 
HIGDDPGiFITKfiPGGAAAEDGRLRVMDCILRVHE 
VOVSEVSHSKAVEALKEAGSIVRLY^'RRH 


DLG2 


1273S552 




ISWEIKU-KGPKGLGFSIAGGVGMQHIPGDHSIYV 
TKilDGGAAQKDGRLQVGDRLLMVNNYSlEEVTH 
EEAVAILKNTSEWLKVGNPTTI 


msi 


1273S55? 




Ift'AVSIEGS'RKWLHKQSTia^FNIVGGEDGEG 
IFVSFiLAGGPAOLSGaQRQDQlE-SVNelDLRGAS 
HEQAAAALKSAGQTVTIIAQYQPED 


DLG5 


3650451 




GIPYVEEPRHVKVQKGSEPLQISiVSGEKGSIYVS 
KVTVSSiAHQAQLEYGDQLLEFNGlNLRSATEQQ 
ARUIGQQCDTimAQVNPHVHQLRNSSZLTD 


DLG5 


365M51 


2 


GILAGDANKWLEPRWFIKKSQLELGVHLCGGNL 
HGVFVAEVEDOSPAKGPDQLVPGDUlEYeSLDV 
RNKTVaVYVffl£KPRDGVRLKVQYRPEEFIVTO 


cm 


229101)5 




LNIVTVTUJMERHHfLGISIVGQSNDRGDeeiYieS 
IKKGGAVAAOGRIEPGDMLLQVNDVNFHNMSND 
DAVRVLRE1VSQTGPI3LTVAKCW 


DV12 


2291D07 




LHIlTVimiVIEKrNFL0ISIveQa«RGDaQlYIQa 
r^KSGAVAADGRIEPGDKUlQVNCMIFEhiM^D 
DAVRVLRDIV(«<PePiy,'LTVAKCWDPSPQNS 




6S0B3Q( 




IITVTtNMEKYHFLfilStVGQSNERGDGGtYIOSiMK 
GGAVAADGRtePGDMLLQWIBNFENMSNDDAV 
RVLREIVHKPGPITLTVAKCWDPSP 


"aFim 


2957144 




TTQQlDLCaPGPWGFRLVGRKDFEQPLAlSSVIP 
GSKAALAMlCSeiWAlDQENTSNMTHLEAGINRI 
KGCTONLTLTVARSEHKVWSPLV 


ENKMA 


561636 




IFMDSfKVVLEGPAPWGfRUaGGKDFKVPLSISR 
LTPSGKAAQAGVAVGDWVLSlDSENAfiSLTHlEA 
QNKIRACGERLSLGLSRAQPV 


ERB1N 


8923908 




QSHELAKCfflRVRVEKDPELGFStSSGVGGRGNP 
FRPDDDGIFVTRVQPEGPASiaLQPGDKllQANGY 
SFWIEHGQAVSLLKIFQHTVEUIVREUSS 
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Num 
bsr 


Sequanoa 


EatlNBhdlngPKiteli> 
90 


32200fB 




LCCLHCGPWSYGFHLHGEKGKLGQYIRLVEPGS 
PAEKAGlLIV(a»:lVeVNG6NVEKErHCKlWSRIR 
AALNAVRLLWDPEFIVID 


EZRfN Binding Piotein 
6D 


3220018 




ire.CTft4<KQP6GYQFNLH8DKSKPGQFLR8VDPO 
SPAEASGUWQDRIVEVNeVCMESKQHSDWSAI 
RA66Db11<U.WDRETDEFFt#ISS 




10^40352 




KNPSGH.KrVT(.SKMKQSL6ISlSGSlE8KVQPMV 
KIEKFPGGAAFi^GALOAGFELVAVDGENLEQVT 
HQRAVDTIRRAYRNKAREPMaWRVPSPSPRP 


n.Jii2i5 






EGHSHPRWetPKTEEGLGFNiMGGKEQNSPIYIS 
RlSPGGttDRHSGUKGOQLLSVNeVSVEGEHHE 
KAVeaKAACI!5KVia.WRyiPKVt£EliC 




10434209 




GQYGGETVKIVRIEKARPIPLGATVRMEMDSVIISf! 
IVKGGAAEKSGLLHEGDEVUEINGIEIRGKDVNEV 
FOLLSOMHGTLIR/UPSQQKPPPA 


FLJ20075 


7019938 




IIJ\HVKGiEIEVNVYKSEDSLGniTDN(3VGYAFIK 
RlXDGGVIDSWriCVGmiESiNGENlVGWRHYOV 
AKKLKELKtSELRMKLiS'KKAFEl 


FLJZ16B7 


10437836 




KPSQASGHFSVELVRSYAGFGLUGGGfiDVAiai 
TPLWRGLLKDGPAC«OGRlfVG£a.VLHINSESr 
QGLTHAQAVERlRAGGPQLHLViRRPLeTHPCKP 


GRIP1 


4539043 




WELMKKEGniGLTVSGGIJKDSKPRVSNLHQG 
SlAARSDQLOVfiDYIKAVNGlBLAKFRHDEIISLLK 
NVGERmeVECE 


GRIP1 


45390S3 




RSSVlFRtVEVTLtfl<EGNTFGFVIRQQAHDDRNK 
SRPVV1TCVRPG6PA0REGTII<M«?LLSVDG1RL 
LGTrHAEAMSIlXQCGQEAALUEYDVSVMDSVAT 


GRlPi 


4539003 


3 


HVATAS6PlL\teVAKTPGASLGVAL7TSMCCNKQ 
VIVIDKIKSASIAORCGALHVGDHiLSIDGTSMEYCT 
LAEATQFIANTTDQVKLBLPHHQTRLALKGPNSS 


GRIP1 


4539083 


4 


TETTEWLTAOPVrGFGIQLgGSVFATETLSSPPU 
SYIEADSPAERCGVLQIGDRVMAINGIFTECSTFE 


GRIP1 


-1533083 




AESVIPSSGTFHVKLPKKHNVELGITISSPSSRKPQ 
DPLVISDIKKGSVAHRTGTLELGDIOiAI&NIRLON 
CSMEDAVQILQQCEOLVKLKIRKOEDNSD 


GRIP1 


4539083 


6 


lYIVELKRYGGPLGlTISGTEEPFDPlllSSLTKGGL 
AERTGA1HI6DRIUUNSSSLKGKPLSEAIHLLQMSA 


6RIP1 


^539033 


7 


^PTPVaHKVTLYIfflSDMEOFGFSVADGLLEK 
GVYVKNIRPAGPGDUSGLWYDRLLQVNHVRTRD 


GTPEseAcilvaling 


2389008 




LALPRDSQGRLGFEVOAEGPVTHVERFTFAETAG 
LRPGARLlRVCGQTLPSLRPEAAAQLLRSAPiWC 


Guanins Ex<liange 


6350785 




AKAKWRQVVLQKASRSSPLQFSIKGGSEKGFGIF 
VEGVEpGSKAADSGLKRGDQIMEVHGQNFEKiTF 
MKAVEILRNNTHLALTVKTNIFVFKa 


HEMBA 1000S06 


1043B367 




.ENVIAKSIDKSNEGSyGFGLEOKNKVPIIKLVEK 
GSNAEHWGMEVGKKSFAINGDLVFMRPFNEVDCF 
LKSCLNSRKPLRVLVSTKP 


HEMBA 1000505 


10436367 




PRETVKJ^SADQLO=QJRfiFGPSWHAVeRGTV 
AAAAGLHPGQCIKVNG1NV3KETHASVIAHVTAC 
RKYfWTKQDSIQ 


HEMBA 1003117 


7022001 




EDFCYVFrVELERGPSGLGMGUDeMHTHLGAP 
GLYiQmPGSPAAAOGRLSLGDRIlEVNGSSlLG 
LGYUWWURHGGTOiRFLVAKSOVErAKKl 


INAOL 


2370145 




WCBEYiaERPSTGGLGPSWALRSQNLGKVDBFV 
KDVQPeSVADRDQR{.KENDQlLAIMHTPLDC!NISH 
QQAIAlLQCfrTGSLRUVAREPVKTKSSTSS^ 
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GeiHName. 


Gl 


ain 
bet 


Ssquenw 


MADL 


2370148 


2 


PGHVEEVaiNDGSGLGFGIVGGKTeGWVRTIVP 
GaLftDRPffltjQTQDHILKlGIJljNVQGHfrSEQVA 
QVLRNCGNSS 


INADL 


2370148 


3 


PGSDSSlfETYNVELVRKDQQSLGIRIVSYVGTS 
HrGEAS(K1fVK81IPeSAWHNGHIClWiDKIVAVD 
GVNIQGFANHDVVEVLRHAGQWHLTLVRRlCreS 


INADL 


23701^8 


4 


NSDDAELQWSKLLPIHTLRLGVEVDSFDSHHYIS 
SIVSGGPVDUGaOPEDELLEVNSMQLYGKSRR 
EAVSFlKeVPPPFTLVCCRRLFDDEAS 


INADL 


237Q148 


a 


LSSPEVKIWaVKOim^SIlDYQDPLDPTRSV! 
ViRSLVADGVAERSGGLLPGDRLVSVNeYCLIKr 
SLAEAVEIlKAVFmVHLGICKH-VEFIVTO 


INADL 


237(H48 


6 


PNFSHlf/GPPRIVHFREPMVSLGia^JVGQTVlKRL 
KMGEaKGIFlKQVlEDSPAGKriiJALKTGDKILP/S 
GVDLQHASHSEAVEAIKNAGMPWFIVQSLSSTPR 
VIPNVHNKANSS 


INADL 


2370148 


7 


PGELKIIELfKDKNGLGLSLAGNKDRSRMSIPV^I 
NPEGPAAAD6RMRIGDELLEIHNQILYGRSHQNA 
SAKCTAPSKVKLVFIRNEDAVNQMANSS 


INADL 


2370148 


8 


PATCPIVPQ0EMIIEI8KGRS<a.eLSlVGGXDTPLN 
AIVIHEVYEEGAAARD6RLWAGD0ILEVNGVDLR 
NSSHEEft!TALRQTPQKVRl.WY 


K1AA0147 


1469B75 




ILTLTILRQTGGLGISIASGKGSTPYKGDDEGIFiSR 
VSEE6PAARAGVRVGDKLLEVNGVALQGAEHHE 
AVEALRGAGTAVQMRVWRERMVEPEHAEFIVTD 


KIAA0147 


1469875 


2 


PLRQRHVACLARSERGLGFSIAGGKGSTPYRAG 
DAGiFVSRIAEGGAAHRAGTLQVGDRVLSIMGVD 
VTEABHDHAVSliTAASPmLLEREAQG 


KIAAD147 


1469875 




ILEGPYPVEEIRlPRWaGPLSLStVGGSDHSSHPF 
GVQEPGVFlSKVLPRGLAARSGLRVGDRiUVNG 
QDVRDATHQEAVSALLRPCIELSIIVRRDPAEFIV 


KIAAG147 


1469B75 


4 


RELCKJKAPGERLGISIRGGARGHAGNPRDPTDE 
GIFISKVSPTaAAGROGRLRVGlRLLEVMQQSLLG 
LTHGEAVQaRSVGDTLTVLVCDGFEASTDAWLE 


KIAA03D3 


2224S46 




PHQPWlHSSGKNyQFTffiAlRVYVGDEDlYTVHHI 
VWNVEEGSPAOQAGLKAGDLlTHIMGEPVHeLVH 
TEVIELLLKSeKKVSITTTPF 


KlAAOSia 


7857260 




ILACAAKAKRRUnLTI«'SREAPlPFiLLGC-SEKG 
F6IFVDSVDSGSKATCAGLKRGDQ1LEVNGQNFE 
fflQLSKAMEtRNM-niLSITVKTNLFVFKELLTNSS 




6S83123 




iPPAPRK^EMRRDPVLGFQFVAGSEKPVWRSVT 
PGGPSEGKLlPGDQlVNIfNQEPVSAAPRERViDLV 
RSCkESLLTVIQPYPSPK 


mmw 


2224620, 




LNKRTJTFKDSGALLGLKVVGGKMTDLGRLGAFI 
TKVKKlSSUDWGHLRAGCSVLEWNGKPLPGAT 
fJEEVYNlLESKSEPQVHIVSRPlGDIPRIHRD 


KIAAOdBO 






qrcviiqkdqhgfgftvsgdrivlvqsvwogaa 
mkagvkegorgkvhqtmvtnsshlewkliksga 
YVAtTuess 


KIAA0382 


76620H7 




llVQRCVllQKDMGFtSLTVSGDNPVFVQSVKEDG 
AAMRAGVOTGDRIIKVKQTLVrHaJHLEWKUKS 
GSYVAITVQGRPPGNSS 


KIAA0440 


2652160 




SVamRRNGLGQLGFHVNYEGIVADVEPYSYA 
WQAGLROGSRLVEiaCVAVATlSHEQMlDLLRTS 
VTVKWfflPPHD 




14762350 




LKVMTSGWBVDMIIRRNGLGQLGFHVWDQTV 
AEVEDYGFAlTOAfilKQGS^LVESCKVAWLTHD 
QMBLlRTSVTVKWlIPPFeDGTPRRGW 
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Gl 


Dm 
a!n 
Num 
bar 


Sequance 


KIAMSSS 


30.fS641 


1 


HVIFFWiRIKITRDSKDHTVSGNGLGIRIVGGKaP 
BHSGaetAYlAKlLPGGSAeQTGKUvEGMQVUEW 
MGIPLTSKFYEEVQSIiSClQSGEAelCVRLDLNM 




30435« 




LCeSLRPPIVIHSSGKKYGFSlRAIRVYMSDSDVY 
TVHHWWSVEDGSPAQSAGLRAGDLimiNGESV 
LGUVHMDWEUXKSGNWSIRTTALEMTSIKVG 


KIAAfl813 


3317039 




SYSVrLTGPGPWGFRt,QGGKDFNMPLTISRITPG 
SKAAQSQLSQGDLWAIDGVHrDTMTHLEAQNKI 
KSASYNLSLUQKSKMSS 


KIAflfl751 






!SnbSGAIia.GLKVVGGKMTESQRLCAFlTKVKKG 
SUDTVGHLRPGDEVLEWNGRilQGATFEEWNI 
!LESKPEPQVELWSRPIA!HRD 


K1AW1S07 


38B2334 




[SALGSMRPPttlHRAGl<KyGFTLRARVYM3E}SDV 
YTVHHMViVHVEDGSPASEAGlRQGD!.ITHVNGE 
PVHGLVHTEVVailKSGNKVAISTTPLENSS 


KIAAB85B 


42402M 




FSDMRiaKarPeKSLDFGFTIKWDiPGlRi'ASVEA 
GSPAEFSQLOVDDEilAINNTKFSYNDSKBVBEAM 
AKAQETGHLVrWBBYGKASSPE 


KIAA0992 


424D292 




QSAHLEVIQWNlKPSEGLGMYIKSTYDGLH\flTGT: 
TENSPADRCKKIBAGDEVlQVNHaTWGWQLraL 
VNALREDPSGVlLaKKRPQEM.TSAPA. 


KIAADQET 


4589577 




ILTQUiPVRHTVKIDKDTLLQDYGFHISESLPLTW 
AVTAGGSAHGKLFPGDQILQMNNEPAEDISWER 
AVDILReAEDSLSSTVmCTSGVPKSSNSS 


KIAA0973 


4559589 




GLRSPiriQRSGKKYeFTLRAIRVY[i4GDTDWSVH 
HIVWHVEEGGPAQEAGLCAGDLITHVHGEPVHG 
MVHPEWELllKSGHKVAVnTPF£ 


K)AA10B5 


5869526 




OaEETKSLTLVLHRDSGSLGFNIIGGRPSVDNHD 
SSSSEGIFV'SKa'DSGPAAKEGGLQiHDfaiEWGR 
DLSF?ATHDQAVEAFKTAKEPIWQVLfiRTPR'rKM 


KFAA109& 


SSB9526 


2 


QB.1DRE£LEL:EVDLYRMNSQDKLatVCYRTD 
DEDD161YISEI0PN6iAAK0GRlREGDRIlQIMGIEV 
QNREEAVALLTSEEtemFSLUARPELQU) 


K1AA12(I2 


533D42t 




RSFQYVPVQLQGGAPWGFTLKGGLEHCEPLTVS 
KIEOGGKAALSQKivRTGDaVMINGTPLYGSWE 
ALIUKGSFRILKllViWRNAPVS 


KIAA1222 


6330610 




ILEKLELFPVH.EKDEDGLG1SIISMGVSADAGLEK 
LGlFVKtVTEGGAAQRDGRiaVNDQIVEVDGISLV 
GVTQNFAATVrLRNTKGHVRFVlGREKPGQVS 


KWA1284 


6331369 


1 


KDVNVyVNPKKL™XAKEI3.iaiEVLVGIlHaTiON 
SVlfftR'IlGKQGDGa?LWH(^LPeGSAMKSGClVLI 
GDVLVAVKDVDVTTENIERVLSClPGPIvtQS/KLTFE 
HAYDVKRET 


K1AA!3B3 


7243156 




TRGCETVFMTlfiRNGLGQLGFHVNFEGIVADVEP 
FGFAiVKAGLRQG&HLVeiCKVAVATLTHEQMlDL 
LaTSVTVKVWIQPHDDGSPRR 


KIMM15 






\/ENILAKRU.ILPQEEDYGFD1E£KMKAWVKSVQR 
6SLAEVA0LQVGRMYSINEDLVFLRPFSEVESILN 
QSFCSRRPLfiLLVATKflKEIlK3P 


KIM1e26 


5517166 


1 


PDSAePGEVRI,VSLRBAI«HE61.eFSIRG5SEH 
QVGIYVaVEPQSWEKEfiLRVGDQILRVNDKSLA 
RVTHAEAVKAIKGSKKLVUSVYSASRIPGGYV™ 


KIAA1S26 


5817166 


2 


LQGGDEKKVNLVLGI)GRSW3LTipeGAEyGLeiYI 

TGVOT^EEAEGSGLKVGDQILEVNWRSFLNILHD 
EAVRaKSSBHUUTVKWeRLPHARTTVDE 


KIAA1S26 


5817165 




WTSGAHVHSGPCEEKCGHPGHRQPLPRIVnaR 
GGSAHNGGQLKVGHVILEVNGLTLRGKEHREAA 
RIIABVFKTranBDYIWLDSL 
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Gt 


Dm 






100-17316 




ELRRAELVEllVeTEAQTGVSCSINVAGGGKEGlFV 
RElREDSPMRSUaQEGDQaSARVFFENFKrE 
nALRLLQCAEPVKVSFCLKRTVPTSDlALRP 


mAm 


10047344 




PSQLKGVLVRASLKKSTM5FGFrilGGDRPDEFI.Ci 
VWWLKDGPMQDGKIAPGDVIVDIHGNCVLGHT 
HADWQMFaVPVNQWNLTlCRGYPLPDSSED 


mm 


10017344 


2 


ASS6SSQPELVTIP1.1KGPKGFSFAIAD8PTG(KV 
KMILDSQWCQSLQKGOllKElYHQNVQNLTHLClW 
EVLKQFPVGAOVPLLILRGGPPSPTKTAKM 


KIAAtSM 


10047344 




LYElM'PLWTFlJSNPRrTADPRII.YEDKPPNTKD 
LDVFlflKQESGFGFRVLQGDGPDQSIYiGAllPLG 
AAEMDGHLRAADaMCIDGIPVKGKSHKQVLDLM 
TTMBNGHVLLTVRRKIFYGEKQPcODSGSPSlH 


KIM1834 


10047344 




PAPQEPYbWLQRKENEGFQFVILTSKMKPPPeVI 
PMKIGRVIEGSPADRCQKlKVeDHlSAVNGQSIVE 
LSHDNlVQLKDAGVTVmVIAEEBIHGPPS 


KIAAISM 


10047344 


5 


QNLGCYPVaERGPRGFGFSLRSQKEYNMGLFtl 
RLAHJGPAirajGWHVGOQlVEWeEPTQQrmTR 
AlEUQAeGNKVUJLLRPGTGUPDHQLA 


KJAA1719 


12o/qS? 


0 


ITWEUKKEGSTLGUISGGTOKDGKPRVSNLRP 
GGUWRSDLLNIGQYiRSVNSIHL™ralDEHTl.LK 
NVGERmEVEY 


KIM1719 


12679S2 




ILDVSLYKEGNSFGFVLRGGAHeOGHKSRPLVLT 
YVRPGGPADREGBLKVGDRLLSVDGIPLHGASHA 
TALATIRQCSHEALFQVEYDVATP 


K1AA1719 


1267982 


2 


lHTVANASGPl.MVEli;itTPGSALSISLTTTSLRKKS 
VITIDRlKPABVVDRSGALHPGDHILSiDGTSMEHC 
Si.lEAmWSISEKVRLElLPVPQSQRPL 


KIAAiri9 


1267982 


3 


IQfVHTETTEVVLCGDPLSGFGLQLQGGlFATETLS 
SPPLVCFIEPDSPAERCGLLQV6DRVLSINGIATE 
DGTMEEAMQLLRDAAlAHKv'VLeVeFDVAESV 


KIAA1719 


1207982 




IQPDVAESVIPSSGTFHVKLPKHSSVELGITISSAS 
RKRGePLIISDlKKGSVAHRTSTLEPGDKLLAIDNI 
RLDNCPMtDAVQll KQCEDlVKU<IRKDEDN 


taAA1719 


12S79B2 




IQnGAVSYlVELKRYGCPLGITlSGTEEPFDPlVIS 
GLTKFlSL^RTGAtHVGDRlLAINNVSlKGBPLSE 
A1HLLQVAGETVTLKIKKQLDR 


KlAAITia 


1237982 


8 


Jl£M£ELLLPTPLEMHKVTI.BKDPMRHDFGFSVS 
DGLLEKGVYVHTVRPDGPAHRGGLQPFDRVLQV 
HBVRTRDFDCClAVPLWEAGDVLailSRKPHTA 




1273425D 




ivlALTVOVAGPi«'WH=Rn-GGRDFHTPIMVrKVAE 
RGKAKDMimPGDllVAlNeESAEGt/ILHAEAQSKI 
ROSPS'tflljQlDRSQATSPGQT 


LIM Protein 


3108092 




aJYSVSLVGPiWWGFRLQGGKDFNMPLTISSLKO 
GGKAAQANVRIGDVW.SlDGINAQGMmEAQKKI 
KGGTGSLMMfLCffiAS 


LW-RIL 


10&S021 




iHSVnRO^PWGFRLVGROKSAPLTiSRVHAfiS 
KASLAAlCPQDLlQAlHGESIEUiSrHlfiAQNRIKe 
CHDHLTL5VSRPE 


LMK1 


4567498 




TLVEHSKLYCQHCYYOIVVVPVEQILPOSPQSHU 
PHTVTUVSIPASa^GKRSLSVSIDPPHGPPGCCT 
EHSHTVRVQGVDPQCMSPDVKHSIHVGDRILElN 
GTPIFWPLDe!Da!C£TSRlICa.TLEHD 


mis 


1805393 




PYSmSSMPATTEGRRGFSVSVESACSMYAtrV 
QWEVNRMHISPMMRNAIHPGDRILEINGTPVRTL 
RVEEVEDAISQTSQTHaUEHD 


on 


U52H1 
(a«r.S) 




VCYRTDDEEDLGIYVGEVNPNSIAAKDGRIREGD 
SIKSUGVOVOKREEAVAILSQEEMTNISLLV/WPE 
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3! 


ber 


SeqiiBdce 


WNT1 


2625024 




SENCKdVREKQKGEILeV\1VESSWGSILFrVI!Ari 
M(iiHSGPAH<S6KljHIGQQIMS!NGTSLVGLPLST 
CQSI!KGLKMQSRVKJ.HiVRC!=PVNSS 




262502fl 




LRCPPVTTVLIRRPDLRYaGFSVQNQIICSLMRG 
GIAEReeVRVGHRnEINQOSWATPHEKIVHlLSN 
AVSEIHMKmvlRA/WiyRLLNSS 


mm 






LSSSDNt3lEVHLa«RieEQlGVALVE8GWQSLL 
PTAVlAWllHeQPAERSaALSIGORLTAtMGTSLtf 
GLPLAACQAAVRETKBOrSVn^lVHCPPVTTAIM 


Mirm 


31698Q3 


2 


LVHCPPVnAlllfflPHAfEQLfiFCVEDQKCSLlRQ 
GiAERGGtmreMHNQQSVVATPHARllEUJEA 
YGEVHIKIMRAATYRLLTS 


MPP1 


189785 




RKVRUQFEKUTEEPWGITLKLHEKQSCTVARILH 
GGMIHRQQSmveDEILEWeraVTNHSVDQLQK 
AMKETKGMISLKVIPKCJ 


MPF>2 


93%84 




PVPPDAVRMUGIRKTAGEHLGVTFRVEGGELVIA 
RILHGGMVAQQGLLHVGDIKEVNGQPVGSDPRA 
LCEUJRNASGSVIlKILPfJYQ 


MUPPt 


210™ 




QGRHVEVFa.l.KPPSGGLGFSWGLRSENRGEL 
elFVOEIQEGSVAHRDGRLKETDQILAINGQALOQ 
TITHQQAISiLQKAKDTVQLVIARGSLPQUV 


MUPP1 


2104784 




PVHWQHNCTELWDGSGLGFGIBGKATSViVKr 
lUPGGVADQHGRLCSeDHILKIGDTDfAGtJlSSEC! 
VAQVLRQCENRVKLMARGAJEERTAPT 


MUPP1 


21D4784 




QESETFDVELTKNVQSLGniAQYIG0KKLEPS6)F 
VKSITKSSAVEHOGRIQIGDCBtAVDGTNLQGFTNQ 
QAVeVLRHTGQTVLLTUHRRGMKaEA 


MUFPI 


210l?S4 


4 


LNYEiWAHVSKFSENSGLQISLEATVGHHFIRSVL 
PEGPVGHSGKLFSGDELIEVMGITLLGENHQDW 
NILKELPIEVTMVCCRRTVPPT 


MUPP1 


2104784 




WEAGICWlELEKGSKGLGFSILDYQDPIDPASTOIl 
RSLVPGGlAEKOGRLLPGDRLMFVtffiVNLENSSL 
EEAVEALKGAPSiSTVRIGVAKPLPLSPEe 


MUPPl 






RNVSJCESFERTINIAKGNSSI.GMTVSANKDGLGMI 
VRSIIHGBAISRDQRIAIQDCILSINEESTI SVTNA<aA 
RAMLfiRHSUGPOIKlTYVPAEHLEE 


MUPPl 


2104784 


7 


LNWNQPRSWa,WREPBKSLGiaVGGRGN{GSRL 
SNSEVMRGlFIKHVl£DSPAGKNSrLKPGDRWEV 
DeMDLRDASHBQAVEAlRKAGNPWFMVQSIINR 


KtUFPI 


2104784 


■8 


LIGaHMIELH«3HSGLGLSLAOB<DRSRMSVRV 
QiOPN6AAGKDGRLQIADEI10N6Qll.Y6R5HQH 
ASSIIKCAPSKVKfinRNKOAVNQ , 


MUH>1 


2104764 


9 


LSSFI«JVQHLELPKDQGGLGIAlSeEDTLSGVIlKS 
LTEHGVAATDGRLWGDQILAVDDEIWGYPSEKFl 
SLLKTAKtvtrWLTIHAENPDSQ 


MUPPl 


21047S' 




YEEGAACKDGRLWAGDQILEVNGIDLRKATHDEA 
INVLRQTPCRVRLTIYRDEAPYKE 


MUW1 


210478 


1 


KEeeVCUTLTIELQKKPGKGLGLSiVGKRHDTGVF 
VSDlVKGaADADGRLMQGBQILMVtgGEDVRNAT 
QEAVAAUKCSLGTVTLEVGRIKAGPFHS , 


MUPP1 


210478 


1 


LQGLRTVEMKKGPTDSLGIStAGGVGSPLGDVPlF 
lAMMHPTGVAAQTQKLRVGDRiVTICGTSTEGMT 
HTQAVNlLKNASeSiEMQWAGGDVSV 


MUPPl 


210478 


1 


LGPPQCKSITIHIGPDGLGFSIVGGYGSFHGDIPI 
YVKTVFAK&AASEDGRLKRGDQIlAVNGQSLEfiV 
TffiEAVAlLKRTKGmUUIVlS 
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61 


Dran 
ain 
Num 
bsr 


Sequence 




10863920 


, 1 


IQYEIVLERGMSQlfiFSIAGGIDNPHVPDDPGtH 
TKllPeGflAAMDG(a.GUNDCVLRVNEVEVSEWH 
SRAVEAtKEAePWRLWRRRQN 


NeDUS 


10663920 


2 


rrLLKGPKGLGFSlAGGISNQHlPGDHSlYlTKIEeG 
ftAQKDGRlQlGDRLLAVWNTNLQpVRHEEAVASL 
KNTSDHVYLK\'AKPGSLE 


NeOUS 


10563020 




ILLKKGSrGLSFNIVGGEDGEGIFVSFILAGGPADL 
SGeiRRGORll^VMGVhttJWATHSClAAMLKRAS 
QS\nrfVAQYRP^ysra:ESKIH0LRECMm3MS 
SGSGSlFtrSGKRSLE 


N0S1 


642525 




IQPNVKWBU'MflWGGLGaVKHlVSKPPVIK^^ 
RGGAAEQSGUQAQDtiAVMSRPLVDLSYDSALE 
VmaASETHWULRS' 


novel PDZ gene 


7228177 




QANSDESDIIHSVFWaCSPAGRLGFSTOGG^HG 
LeiE=VSKVHEfiSSAEF!AGljCV6DiKtTEVHGLSl£S 
TTMGSAVKVLTffiSRLHMMVRRMGRVPGIKFSK 


nmelPDZgene 


7228177 


2 


PSOTSSnDBlMIVHLYTTSDDFCLQFNiRGSKEF 
GLSlYVa«DHGGlJ\EENGIKVGDQVLAAHGVRF 
DMSHSQAVEVLKfiarHWILTtKETeRYPAYKEMN 


MovelSenn^Prolease 


1621243 




KIKKaTEaaWQAKGKArrKKKYIGiRMMSLTSSK 
AKELKORHRDFPDVlSGAYIIEVIPDTPAEAeGLKE 
NDVIISINGQSWSANDVSDVIKRESTLHMWRRG 


Outer Mentiajte 


7023825 




LlTeEEim.TRGPSGLGFNlVGGTIXlQVVSNDSGl 
YVSRIKENGAAALQGHLQEQDKllJSVHGQDLKNLl 
HaOAVDLFRNAGYAVSLRVQHRLQVQNGlHS 


P55T ■ 


12733367 




PVDAIRIUG&iKRAGEPLGVTFRVENNDLVlARiLH 
6GMIDRQGLLHVGDIIKEWIGHEVGNNPKELQEL 
IJ<NISGSVTLKILPSYRDTtTPQQ 


PAB3 


8037914 




DDMVKLVEVPKDSePLGlHVVPFSARGGRTLGLL 
^fi<RLEK6QKAEHlNLFRENDaVRINDGDLRNRR 
FEQAQHMFRQAMRTPIIWFHWPAA 


PARS 


6037914 




GIWLNIQLKKGTEGLGFSITSRDVTIGGSAPIYVKN 
ILPRGAAIQDGRLKA6DRUEVNQVDLVGKSQEEV 
VSLLRSmCGrVSLLVFRQEDA 


PARS 


8037914 




TPDGTREFLTFEVPLNOSGBAGLGVSVKGNRSKE 
NHADLGiFWSllNGGAASKDGRLRVNDQLIAVHS 
ESLLGKTNQDAMEURRSMSTEGNKRGMiaiVA 


PAR6 


2613011 




LPETHRRVRLHKHGStffiPLGFVIRDGMSVRVAP 
QGlfRVPGIFISRLVRGGlAESTGLlAVSDEILEVN 
GIEVAGKTIDQVTOMMVANSHNLIVTVKPAMQR 


PAR60AMM\ 


13537118 




IDVOLVPETHRRVRLHRHQCEKPLGFYIF^GASV 
RVTPHGLEKVPGtFISRMVPGGLAESTGLlAVNOE 
VLEVNGlEVAGKrUJQmMMlANSHNUVTVKPA 


PDS-73 


5031678 




aSRKLKP/fiSJDRLHPEGLGLSVRGGLSFGCGLFl 
SHUKGGQADSVGLQVGO^IVRINGYSISSClWEE 
VINURTKKJVSlKVRrtlGLlPVKSSPCEFH 




1 




iPGNRENKEKKWFISLVGSRGLGCSISSGPtOKPGl 
FSSHVKPOSLSflPfGlEIGDQIVEVNGVDFSNLDH 
KEAVNVLKSSRSLIlSlVflflAGRaFMTDEF 


PDZ.73 


5031978 


3 


PEaMGKDVRLlRIKKEGSLDlALEGGVDSPIGKV 
WSAVYeRSAAERHGGIVKSDEIWAINGKIVTDYT 
UEADAALQKAKVKQGGDWIDLWAVCPPKEYDD 


PDZKl 


2944188 




LTSTWPREaa.SKQE6QNYGFFLRIEK0TEGHL 
VRWEKCSPAEKAGLQDGDRVLRINSVFVDKEEH 
MQVVDLVRJ(S(»ISVn.lVLDGDSYEKAGSPeiHR 


PDZKl 


2344138 


2 


RLCYLVKEeeSYGFSlKtVQGKKGVYMTDlTPGE 
VAMftA6VLADDW.IEVNGENVEC)AGHEEVVEfWK 
KSeSRVW=U.VBlCErDI«EFIVTD 
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Ql 


a!n 
ber 




PC3ZK1 






CFKRETASLKLLPHQPRIVEKKKSSNGYQFYLRA 
QSEQKGQIIKDIDSGSPAEEAGLKNHDLWAVNG 
ESVeTlDHDSVV2MiRK(3(3MTSLLVVDKETDNM 


PDZKt 


2944™ 




POnESVDHKFKLCfWKGENGYGFHlJIAtRGLP 
SSRKEVQKGGPAOAIjLEDEDViEVNGVHVLDE 
PYEKVVDfflQSSGKNVULVZGWISS 


PlCftl 


4678411 




PTVPOKVIUlKDAQNUGISIGGGAQYCPCLYiVQ 
VFDMTPAALDerVMQDElTGVNGRSIKQKTKVE 
VAKMIQEWGEVnHYIifKLQ 


PI8T 


983T4330 




SQGVfiPIRKVLLlKEDHEGtcaslTiGGKEHQVPlU 
SaHPGQPADRCGQlHV(a]lAILAVNfiVKl.Rfffl<H 
KEAVmSQQRGEEFEWn/APEVDSD 


piiLIS 


147S4B?. 




IHVTILHKEEGAGLfiFSLAeGAIX.EI«<V(TVHRVF 
PMGlASQEG11QW3NEVI.SINl3(SIJ«3nHHDAL 
AILRtSAfiB^QAVIVTRKLTPEEFlVTD 


PIILIE 


1478492 


2 


TAEATVCtVfLEKMSAGLGFSLEGGKGSLHGDKP 
LTlNraFKGAASEQSETVQPGDEILQLGGTAMQGL 
TRFEAWNIIKALPDGPVTIVIRRKSLQSK 


PS095 


3318653 




LEYEalTLERGNSGLGFSlAGGTDNPHIGDDPSlFI 
TKllPGGAAAQDGra.RVNDSlLFVNEV0VREVTH5 
AAVEAlKEAeSJVRLYVMRRKPPAENSS 


psass 


3318652 


2 


HVMRRKPPAEKVMEIIOIKGPKGLGFSIAGGVGN 
QHiPGDHSlYViKEEGGAAHKDGRLQIGDKILAVN 
SVeiEDVMHHIijVAALKNTVDWYLKVAKPSNAY 


PSDSS 


3318652 




REE)IPREPRRfVlHRGST(5tJ6FNWGGED6EGIF]S 
FfUeGPADLEGELRKGDQlLSVNGVDLRNASHE 
QAAlALKNAGQTVnfAQVfPEFIVTD 


PTIW 


179912 




LIRITPDEDeKFGFWLKeSVDCS<MPLWSRINPES 
PADTCIPKUJEGDQWUNGROISEHTHDQVWFIK 
ASRESHSRElALVtRRR 


PTfM 


190747 




1RMKPC£NaRFGFNVKGGYDQIM=VtVSRVAPG 
TPAOLCVPRLNEGDQWLINGRDIAEHTHDQWLF 
ItoSCERHSGaMLLVRPNA 


PTPL1 


515030 




PEREltlVfJLKKOAWGLGFQBGGEKMGRLDLQIF 
iSSVAPGGPADFHGCtKPGORLISVNSVSLEGVS 
HHAAIEILQMAPEIJVTLVISQPKEKISKVPSTPVHL 


PTPL1 


51 5030 




GOIFEVELAKNWIBLeiSVrGeVNTSVRHGelYVK 
AVIPQSAAESDGRIHKGDR'AAVNGVSLEGATHK 
QAVBlRNTeOWHUiaoaOSPTSK 


PTPL1 


51503D 




iEEMTFEVKLFKNSSGLGFSFSREDNLlPEQlNASf 
VRVKKLFAQQPAAESGKDI/GDVILKVNSASLKGl 
SQQEVISALRGTAPEVRtljCRPPPGVLPElDT 


pypLi 


51503C 




ELeVElilTLIKSEKASLa^TVTKGNQBieCYVHDV 
1QQPAKK)S^1J«'6DRUKWTDVTNMTHTDAV 
NLLRAASKIVRUVIGRVLELPRIPMLPH 


PTPL1 






MLPjaiPOTrLTCNKEELflFSLCeGflDSLYQWY) 
SDlNPRSVAAlEGNlQLLDVHYVHQVSTCiGMTLE 
EVNRALDIUtSiPSLVLKATRNDLPV 


RGS12 


3290015 




RPSPPRVRSVEVARGflAGYGFTLSGQAPCVI-SC 
VP^SPADRreiflAGDQIlAVNEINVKKASHEDV 
VKt.lGKCSeVlHMVIAeGVGRFESCS 


RlWpMlit-ke 


1437S40B 




ISFSANKRWTPPRSiRFTAEEGDLGFURGHAPV 
QVHaDPYCSASVAGAREGDYIVSIQLVDCKWLT 
LSEVNKLLKSFGEDHEMKWSLLDSTSSMmKS 


Seiineproteass 


273B914 




RCSKKNSSSGISGSQIWIGVMMLTLSPSIU^LQ 
l-REPSFPDVQHGVUlKVILGa'AHRAGLRFGDVI 
LAfGECnAVQhlAEDVYEAVRTOSQLAVQIRl^GRET 
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Dom 

Mum 
bar 




Shanfcl 


6049185 




EEKTVVtXJKKDNEGFBFVLRaflKADTPIEEFTPT 
RAFPAlmeSVDEGQVAWQftSlRTGDFUEVNW 
EN\m(V<21RQVWmiRQGQmLVU<WmRNL 
DPDDWRKKA 


8hErit3 






SE3YVDDKVAVtClKRDHEGF6FViRGAKAErpiEE 
FIPTRAFPAWYIESVDVEGVAWRAGLRTGDFIJ 
EVHGVHWKVGHKQWVALIRQGGNRLVMKWSV 




2047327 




RLCRLVRaEOeyQFHLHQEKGRRGQFIRRVS^ 
SPAEAMLRASDRLVEVNSVNVEGETHHQWtSa 
KAVEGOmLVVDCW 


api 






RHU^PQSVGFHWSDKSRPGClVIRSVOPGSP 
A,i\RSGLRAC!DRUeVNGQNVEGLRHAEWASlKA 
REDEARLLWDPETDE 


STTAOm 


3886071 




PGVREH.CKDERGKTGlfiLRKVDQGLFVQLVQA 
NTPASLVGLRFSDCILLQIDGRDCAGWSSHKAHQ 
VVKKASGDKIVWVRDRPFGRTVTM 


SITAC-18 


aB86071 




PFQRTVTMlKDSMeHVGFVlKKGKIVSLVKGSSA 
ARNGLLTNHYVCEVDGQNWGLKDKKIMEllATAG 
NWTI.TIIPSVIYEHIVEFIV 


SVNTENIN 


2795862 




LESKQGIREVlLCKDOTGKIGlRLKSIDMGlFVQLVa 
ANSPASLVGLRFGDWIQI KGENCAGWSSDKAH 
KVLKCWFGEKITMHIHRO 




2795365 




RDRPFERTITMHKDSTGHV9FIFKNGKITSIVKDS 
SAARMGUTEHmCBNGQNViGLKDSQlADlLSTS 


SyntmpMnl alpha 


-1145727 




QRRRVTVRKADAGGLGISIMOeRENKMPILISKIFK 
GtMDQTEALFVGDAILSVNGEDLSSATHDEAVQ 
VLKKTGKEmeVIWMffiVSPVFK 


SynlrephinljebS 


476700 




IRWKQEAGISLeiSIKGGRENRMPILISKIFPGLAA 
DQSRAU?l.ePAILSVMSTOmQATHDQAVQALKR 
ASKEVLIEVKFREFT/TD 


SyjiUophin gamma 1 


95D7162 




EPFYSGERTVriRRQTVGGFGLSIKGGAEHNIPVV 
VSWSKEQRAELSGLLHGDAlLQlMeiNVRKCRHE 
EWQVLRNAQEEVTLTVSaiffiAPAFLKLP 


Slyiitoptiln gamma 2 


9507164 




3HCK3RMRR-FVn.RRQPVG6lGLSIK6GSEHNVP 
WmFEDQAAOQTGMlFVGDAVLQVNGIHVENA 
THEEWHLLRHAGDcVnTVEYLREAPAFLK 


TA)C2-litepn3teb) 


325S116 




RGETKEVEVrKTEOALeLTITONGASYAFIKRiKE 
GSIINRIEAVCVGDSIEAINDHSIVGCRHYEVAKML 
REU>KStmLRLVQPt«flF 


T1AM1 . 


4507500 




HSiHIEKSOTAADTVGFSLSSVEEDSlRRLYVNSV 
t^TGlASKKGUCAGDElLElNNRAADALNSSMLKD 
FLSC(Pffl.GLLVFflYPE(.E 


mi 2 


6912703 




PLNVYDVQtTKrGSVCDFGFAVTAQVDERQHLS 
RIRSDVlPDGLAYGEGLRKGNEIMTLfSGEAVSDL 
DLKQMEALfSEKSVeUllARPPDTKATL 


m 


2613001 




CR\SIHiaRClGENLlLGFS1GGGIDQDPS(3^PFSE 
DKTDKGiyvrRVSEGGPAElASLQlGDKlMQVNG 
WDMTMVTHDQARKRLTKRSEEWRLIVTRQSLQ 


VP2 


2613003 




RKEVeVFKSEDALGLTlTDNSAGYAflKRIKEGSVI 
DHWUSVGradEAINGQSLLGCRHYEVARLLi^LP 
RGRTFTLKLTEPRK 


Tiras 


2613007 




HSHPRWELPKIDEGLGFNVMGGKEQNSPIYIER! 
IPGfiVAERHGGlJ<RGDQU.SVNGVSVEGEHHEK 
AVaLKAAKDSVKLW'RYTPKVL 


TIP43 


261301 




1SNQKRSVKVLKQEL6GLG1SIKGGKENKUPIL1SK 
IFKGLAADQTOALYVSDAIIJSWJGADLRDATHOEA 
VQALKRAGHSVLLEVKYMReATPYV 




300555S 


1 


IHFSKSENCKELQIEKHKGEILGVWVESQWGSIL 
PTVILANMMNQGPAARSeKLSieDQIMSINGTSLV 
GLPlATCQaiKeUWQTCWiaNIVSCPPmVUK 
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Gl 


Dom 

Nam 
ber 


Seqinnca 




3D05559 


2 


IPpVTTVUKRPDUffQLGFSVQNGIlCSLMRGGlA 
ERGGVRVGHR1IEIN6QSWATAHEKIVQALSNSV 
eaHMXTt^AAWFRLLTGOENSS 


ZO-1 


292937 




PWEQHTmiRAPQFQFGIAIXGRDNPHFQSflE 
TSIVISDVLKGGPAE6QlQE(^DRVA^4VN6VSMDN 
VEHAFAVQQlRKSeKKAMTIRRKKKVQIPMSS 


ZO-1 


292937 


2 


ISSQPAKPTKVTLVKSRKNEHYGLRlASHIFVi^lS 
QDOAARDGNiQEGDWLKlNGfTVTENMSUTDAK 
TUERSKGKLKMWQRDRAUUJSS 


ZO-1 


292937 


3 


IRMKLVKFRKGDSVGLRLAGGNDVeiFVAGVLED 
SPAAKEGLEEGoqiLRVNNVDFTNIIREEAVIPLLD 
LPKGEEVriUQKKKDVFSN 


ZO-2 


12734763 




LIWEQYWTLClKDSKRGF6IAVSGGR[S<PHFE»G 
ETSIViSDVLPeSPADeaQENDRWMVMGTPWE 
DVLHSFAl/Qal-RKSGKVAAtVVKRPRKV 


2D-2 


12734763 


2 


RVLLMORAMEEYGLRlQSQIFVKgMTRTGLATK 
DQNLHEGDnUflNSTVTaiMSLTDARKLlEKSRGK 
t,QLVVLROS 


ZD-2 


12734763 


3 


HAPNTKMVRFKKiGDSV6LRLA«3NDVGiFVAGlQ 
ESTSAEQEQlXKGDQIlKVNTQDFReLVReaAVL 
YLlEtPKBBMVTlAQSRAOW 


ztw 


10092690 




IPGNSlWEQHTATUSKDPRRSFGIAISGaRDRPQ 
GSMWSDWPeePAEQRLQTGPHIVMVNGVSME 
NATSAFAlQlKTCmaytANrrVKRPRRIHLPAEFiVT 


zcw 


10ffiaS90 


2 


QDVQMKPVKSVLVKRRDSEEFQWLGSQIFIKHIT 
OSGLAAITOGLQEGDULQINGVSSQNLSLHDTR 
RUEKSEGKLSlLVUWfiGOaVNlPNSS 




10092890 


3 


RGVSPDTRWRFLKfiKBIGLRLAGGNDVGtFVSG 
VQAGSPADGQGKIEGOQILOVNDVPFCiNLTREEA 
VQFLLGLPPGEEMELVTQf?KaDlFV\iKMVQSeFJV 



*; No Gl flurabarfo-ihfs PDZ domBin oentafning pjolslH -Bi^bs oompuler cbned by J.6. using natShankS 
3aq ^mi human gsnomiD ckine AC00O036, 

rn«ei»^dlnge!liernt64(Kl-e49S, 698571 OS, 72117400 Id craatBhyjwIlieticfilltunian Shales.. 
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AA02.1 jClasp-2 


0 
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0 


NeDLG 
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2 
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0 
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CD46 


D 
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0 


4 


CD46 


0 


K1AAO807(S) 


1 


0 


5 
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JCD95(fas) 


0 


PSD95 
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0 
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icD95(fas) 


0 


NeDLG 


1,2 


0 
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CDQ5 (fas) 


0 


DLG1 


1,2 


0 


2 


AIKZ2 




0 


PSD95 


1.2,3 


0 


2 


DNAM-I 


0 


NeDLG 
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0 


2 
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0 


DLG1 


1.2 


0 


1 


AA29.3 


iL-8RB 


0 


PSD95 


1.2,3 


0 




iL-3RB 


0 


K!AAQ8Q7(S) 


1 


0 


1 


AA216 
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0 
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0 


1 


NMDA R2C 


0 


NeDLG 


1,2 
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0 
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0 


1 
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CD34 


0 


KIAA807 




0 


5 


CD34 


0 


KIAA0S07{S> 


1 


0 


3 


AA30 


ILPAP 




K(AA0BO7(S) 


1 


0 


5 
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— ^ — 
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0 


1 
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5 


TIP1 
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5 


5 
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0 
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3 
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0 


K1AADS07(S) 


1 


0 


4 
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0 
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5 
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0 


2 
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1 
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2 
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0 
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0 


1 
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0 


K[AA0561 


1 


0 


1 
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0 


T1P1 
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0 


5 
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0 


KIAA0807CS) 


1 


0 


5 


Tax 


0 


KIAA807 
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5 
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0 


DLG1 
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0 
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0 


PSD95 
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0 
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0 


NeDLG 
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K1AA807 




0 


5 


jPAG 
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WHAT IS CLAIMED IS 

1. A method ofmodulating a biological function ofa cell, comprising 
mtroducing into the cell an agent that alters binding between a PD2 protein and a PL 

5 proEeiLi in the cell, whereby the biological ftinction is modulated in the cell, and wherein the 
PDZ protein and PL protein are a binding pair as specified in Table 2. 

2. The method of claim 1 , wherein the PDZ protein is a protein Idnase, a 
guanalyte kinase, a tyrosine phosphatase or a serine phosphatase. 

10 

3. Tlic methfld of claim 1, wherdn the PDZ protein is a LIM protein or 
a guanine exchange fector. 

4. The method of cJaan 1, wherein the PDZ protein is viral oncogene 
15 interacting protein. 

5. The method of claim 1, wherein the PL protein is a T-cell surface 
i-eceptor or a B-cell surface receptor. 

20 6. The method of claim 1. wherein the PL pTOtein. is a natural killer cell 

surfecc receptor, a monocyte cell snrfece receptor, or a granulocyte cell surface receptor. 

7. The method of claim 1, wherein the PL protein is an endothelial cell 
sui'face receptor. 

25 ' * 

8. The method of claim 1, wherein the PL proteda is a G-protein linked 
receptor or a regulator of G-protein signaling. 

9. The method of claim 1 , wherein the PL protein is an adhesion protein 
30 or a tightjunction integral manbrane protein. 



1 0. The method of claim 1, wherein the PL protein, is a viral oncogene. 
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1 1 . The method of claim 1 , wherein the PL proteia is neuron membrane 
trjinsport protein. 

12. The mefliod of claim 1, wherein the PL protein is a receptor kinase. 

13. The method of Icaim 1, wherein the PD2 proton is an ion channel or 
transporter protein. 

14. The method of claim 1 , wherein the PL protein is a tumor sijppressor 

protein. 

1 5. The method of claim 1 , wherein the agent is a polypeptide 
comprising at least the two carboxy-temiinal residues of the PL protein. 

16. The method of claim 15, \vherein the agent comprises at least the 
three carboxy-terminal residues of the PL protein. 



17. The method of claim 1, wherein the ageaat is a small molecule or 
20 peptide mimetic of at least the two carboxy tenninal residues of the PL protein. 

1 8. The method of claim 1, wherein the .agent is an antagonist that 
inhibits binding brtween the PDZ protean and PL protein binding padr. 

25 19. The mefiiod of claim l,whei-ein the agent is an agonist that promotes 

binding between the PDZ protein and Ihe PL protein binding pair. 

20. The method of claim 1, wherein die method is conducted in vitro. 

30 2 1 . A method of determining whether a test compound is a modulator of 

binding between a PDZ protein and a PL protein, comprising: 
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(a) contacting under suitable binding conditions (i) a PDZ -domain 
polypeptide having a sequence jfrom the PDZ protein, and (ii) a PL peptide, wherein 

the PL peptide comprises a C-teirninai sequence of the PL protein, 
the PDZ -domain polypeptide and the PL peptide are a binding pair as 
specified in Table 2; and 

contacting is performed in the presence of the test compound^ and 

(b) detecting formation of a complex between the PDZ-domain 
polypeptide and the PL peptide, whei'ein 

(i) presence of the complex at a level that is statistically 
significantly higher in the presence of the test compound than in the absence of test 
compound is an indication tibiat the test compound is an agonist, and 

(ii) presence of the complex at a level that is statistically 
significantly lower in the presence of the test compound than in the absence of test 



22. The meliiod of claim 21, wherein complex is detected in both the 
absence and presence of test compoimd. 

23. A modulator of binding between a PDZ protein and a PL protein, 
wherein the modulator is 

(a) a peptide comprising at least 3 residues of a C-terminal sequence of a 
PL protein, and wherein the PDZ protein and the PL protein are a binding pair as specified 
in Table 2; or 

(b) a peptide mimetic of the peptide of section (a); or 

(c) a small molecuie having similar functional activity as tlie peptide of 
sectiom (a) with respect to the PDZ and PL protein binding pair. 

24. The modulator of claim 23 that is an agonist. 

25. The modulator of claim 23 that is an antagonist 



26. A pharmaceutical composition comprising a modulator of claim 23 . 



WO0art)14303 



PCr/US01/246SS 



27. A method of treating a disease correlated with binding between a 
PDZ protein and a PL protein, the method comprising administering a thearapeutically 
effective atuomt of a modulator of claim 23. 

5 

2S. The method of clahn 27, wherem the disease is selected &om the 
group consisting of a neurological disease, an immune response disease, a muscular disease, 
and a caocer. 



29.. 

non-human anhnal. 



The method of claim 27, wherein the modulator is administered to a 
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FIG. 2 



